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EDITOR’S DESK. 


Dear Readers 
Greetings! 


The ‘MOM’ ent has arrived; the MOMent when the red planet exuded a golden aura for Indian space history. ISRO has achieved 
a perfect feat in successfully keeping up the date of Mars Orbiter Mission with Mars in the very first attempt — becoming the 
first space agency to accomplish it. Also the success glorified India making it the first Asian country to reach Mars. With an 
expense of just ~Rs. 450 crores, scientists could establish the fact that the brain always supersedes resources. 


Hon’ble Prime Minister Shri Narendra Modi was present at the control centre, Bengaluru to witness the history being etched 
in the skies and aptly shared his happiness — “Mars has got a MOM and MOM never fails in its mission”. His speech at this 
historic moment especially the appeal to the school children to celebrate the day will go a long way in boosting the spirit of 
science and technology in the country. 


MOM was launched on Nov. 5, 2013 at 2:38 pm from SDSC — SHAR, Sriharikota through the silver jubilee launch of PSLV 
(PSLV-C25), the work-horse of ISRO. As usual it was a wonderful launch and the satellite was placed in the earth’s orbit 
initially, and then through a series of maneuvers was guided to the red planet culminating into a perfect capture on the early 
morning of Sept. 24, 2014. MOM is designed to orbit Mars in an elliptical fashion with a periapsis of ~423 km and apoapsis 
of ~80,000 km. It carries five payloads which aim to study surface features of Mars and its atmosphere. The various payloads 
onboard MOM - Mars Colour Camera (MCC), Thermal Infrared Imaging Spectrometer (TIS), Methane Sensor for Mars 
(MSM), Mars Exospheric Neutral Composition Analyser (MENCA), and Lyman Alpha Photometer (LAP) are expected to 
unravel the secrets of Mars. 


The present issue raises a toast with the scientific fraternity on this magnificent triumph with cover story depicting a picto- 
rial representation of MOM’s journey. The first two back-to-back successful extraterrestrial ventures - Chandrayaan-1 and 
MOM, have given ISRO the required impetus and laid a firm foundation for its future planetary exploration endeavors. We 
hope that the next decade will witness many such exciting missions to explore other solar system objects. 


We continue to enrich our understanding about the formation and evolution of the Universe — galaxies - solar system - planets 
through study of meteorites, numerical simulations, earth/space based telescopic observations and existing data from plan- 
etary missions. Towards these, this issue encompasses two articles. Dr. Sandeep Sahijpal of Panjab University provides a 
comprehensive know-how about the evolution of the galaxy and the bulk composition of the solar system and Ms. Priyanka 
Chaturvedi and Dr. Ashok K. Singal of PRL explore World Beyond our Own, to readers delight. 


Possibility of life on Mars has always attracted the Mars surveyors. In an informative article Dr. Smitha V. Thampi of SPL, 
ISRO attempts to decode the “the methane puzzle” on Mars. This particular article has been included in the issue to cater to 
the curiosity of the readers to the science goal of MSM onboard MOM. 


The potential of Raman Spectroscopy in mineralogical studies has always been acknowledged. However, due to size and 
weight constraints it could not be realized in planetary missions. After prolonged research efforts involving cutting edge 
technological developments, a team from NASA has succeeded in significant miniaturization of the Raman spectrograph 
system - leading to recent selection of “Raman-LINF spectrograph along with LIBS” as a part of the SuperCam instrument 
for NASAs Mars 2020 rover mission. We present in this issue an article on Laser-induced Time-Resolved Raman and Fluo- 
rescence Spectrograph as Remote Sensors for Planetary Exploration by Dr. Shiv K. Sharma from University of Hawaii, who 
has played a key role in this noteworthy effort. 


The Mission Story column discusses salient features and objectives of NASA’s LADEE mission which aims to study lunar 
exosphere and dust in the immediate vicinity. Towards the end a description about the deepest ocean in the solar system has 
been included. The events briefed in the issue include MOM Data Analysis & Science Plan workshop held at PRL during 
Aug. 20-21, 2014. 


Regular columns such as News Highlights, Mission Updates continue to up-date the readers with the developments in the 
Planetary Sciences and Exploration field. Happy Reading A 
iS 


Enjoy ! 
one S 
Neeraj Srivastava a bse » 
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k DER’S COLUMN 


Thank you very much for sending me the PLANEX newsletter. It is quite comprehensive and attractive to read. 
Keep it up 

- Ranganath Navalgund 

ISRO, Bangalore 


It is great to see your hard work blooming into a brilliant scientific output in the form of PLANEX newsletter! 
The hard copy is very impressive. All the best!!!.....” 

- Jayanta K. Pati 

University of Allahabad, Allahabad 


PLANEX newsletter is indeed illuminating the part of the research community who are new to this frontier of 
research and it helps in making the foundation towards the new horizon of space studies. I take this opportunity to 
thank the editorial team for the endless effort put forth, which results in such enlightening editions of PLANEX news- 
Le tle tama 

- Sachikanta Nanda 
SRM University, Chennai 


- Uday Prakash Verma 
University of Lucknow, Lucknow 


Thank you so much for sending the very informative volume of PLANEX newsletter. The article on “Dark Matter 
in our Universe” and “The Coldest place of solar Systeray were very impressive. Overall the issue was very informa- 
tive and it helped to know our solar system very vividly 


- Sarmistha Basu 
M.P. Birla Institute of Fundamental Research, Kolkata 
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How long Mars has been Cold and Dry? 

To find out whether Mars at present, in the past, or always 
been a cold and dry place has at all times been puzzling 
because several geological and modeling based evidences 
have revealed clues for at least once a warm and wet 
clinate in its history. Whereas, even if the contemporary 
Mars has been cold and dry, the next question is for how 
long it has been like this?. Although simple, still startling, 
such basic questions about the climate history could be 
only attempted by sitting and analyzing the tantalizing 
chemical clues locked within the ancient martian mete- 
orites. Ongoing analysis of one such meteorites (NWA 
7533; found in Sahara Desert in 2011) at National High 
Magnetic Field Laboratory helped to track the records 
of periodic changes in the atmosphere and understand 
for how long Mars has been dry and cold. The research 
team hunted clues for climatic shift from a mineral called 
Zircon found embedded within the meteorite. Zircon 
(ZrSiO,,), as the chemical formula says contain oxygen, 
which has three isotopes. On condensation of the cycled 
water vapor through Martian atmosphere, it interacts with 
and exchange oxygen isotopes with zircons in the soil. 
Whereas, within a dry and thin Martian atmosphere, the 
ultraviolet light from Sun itself causes distinctive shifts in 
the relative amounts in which the three isotopes of oxygen 
exist in different gases. In addition, for a warm and wet 
Martian environment, the distinctive shifts in proportions 
of these isotopes disappear on filtering of the ultraviolet 
rays from the Sun while passing through the dense atmo- 
sphere. These unique shifts in the proportions of oxygen 
isotopes were precisely measured within zircons using the 
NordSIMS facility. The measurements were tagged with 
their respective events of atmospheric changes. These 
results suggested that the major atmosphere of Mars, re- 
garded as dense, was lost during the first ~120 Myr after 
accretion. Moreover, the cold and dry Mars that we see 
today is actually been on Mars for at least past ~1.7 Gyr. 


Source: http://www.nature.com/ngeo/journal/v7/n9/ 
full/ngeo2231.html; http://www.sciencedaily.com/ 
releases/2014/08/140827131553.htm 


Explosive Volcanism on Mercury 

Mercury, the smallest planet in the solar system and the 
closest to the Sun, is known as being bone dry in terms of 
having volatiles, implying to lack explosive volcanoes. On 
Earth, volcanic explosions are common due to presence 
of volatiles (water, CO,, and compounds with relatively 
low boiling point). Nevertheless, recent studies suggest 
that Mercury should be rich in volatiles and based on this 
a new study has been carried out to explore the explosive 
volcanic regions on Mercury. The recent study comprises 
of 150 locations, where characteristic deposits of red 
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coloured material surround volcanic vents, and majority 
of these sites (79%) are within impact craters. Messenger 
images are used to identify the probable pyroclastic ash 
deposits (signs of volcanic explosions), which appear 
bright and red (color composites images taken through 
the 996, 749, and 433 nm filters) in the images. Majority 
of effusive volcanism on Mercury occurred earlier during 
~3-4 Ga years ago, but couple of craters, which date back 
to a billion year old also expose prominent volcanic activi- 
ties and host pyroclastic deposits. The basis for different 
explosive periods was predicted from the degradation at 
the vents. The rate of degradation differs significantly 
for these study sites from other locations, indicating that 
the eruptions have been taking place over an appreciable 
period of Mercury’s history. To figure out their younger 
explosive age, count of small craters within these craters 
hosting pyroclastic deposits resulted in a billion years 
age. Degassing of volatiles did not happen in the very 
early stage of planet formation. Mercury has kept some 
of its volatiles for recent geological times, which was 
subsequently exposed by such eruptive lavas. 


«Example 1 ejecta blanket, area=3.08x107 km? 
= 22.0 (of 23) craters, N(1}=1.63x10° km? 


41.73 Ga 


Cumulative Crater Frequency (km”) 


Diameter (km) 


Red bright parts all indicative of explosive volcanism 


Source:http://onlinelibrary.wiley.com/ 
doi/10.1002/2014GL061224/full 


Active Lunar Soil 

The Moon:- this is the place where we are hoping to have 
a serene life if we make our colonies in far future. Craters 
in the Polar Regions (permanently shadowed) exists the 
darkest and coldest places on the surface of the Moon. 
However, the Moon may not be as peaceful as once 
thought. Scientists from University of New Hampshire 
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(UNH) and NASA Goddard Space Flight Center have 
done a modeling which suggests that for an extremely 
long period of time, energetic charged particles such as 
Galactic Cosmic Rays (GCR) and solar energetic particles 
(SEP) has been penetrating deep within the lunar surface, 
resulting in deep dielectric charging. In Permanently Shad- 
owed Regions (PSRs) near the lunar poles, the discharg- 
ing timescales are on the order of a lunation (~20 days). 
This may be creating a kind of “sparking”. The sparking 
is a process in which electrons released from the soil by 
strong electric fields race through the material so quickly 
that they vaporize little channels, that has driven changes 
in lunar soil evolution. New information about these areas 
can lead to greater understanding of planetary surfaces. 
Sparking not only depends on GCR and SEP but also 
on the regolith’s electrical conductivity and permittivity. 
That is, this electrostatic breakdown could have possibly 
changed the nature of the polar soil. This suggests that 
the PSRs, which hold clues about the past of our solar 
system, may be more active than previously thought. 


PSRs undergoing sparking, subsurface sparking occur 
at a depth of about one millimeter. 
Image Courtesy: Andrew Jordan (Image not to scale) 


Andrew Jordan, UNH Institute for the Study of Earth, 
Oceans, and Space and the team have built a computer 
model using GCR data from the Cosmic Ray Telescope 
for the Effects of Radiation (CRaTER) on board the Lu- 
nar Reconnaissance Orbiter (LRO) and SEP data from 
the Electron, Proton, and Alpha Monitor (EPAM) on 
the Advanced Composition Explorer (ACE) as model 
inputs. SEPs, after being created by the solar storms, 
stream through space and bombard the Moon. These 
particles can build up electric charges faster than the soil 
can dissipate them and may cause sparking. This may 
be dominant in the polar cold regions of PSRs that are 
unique lunar sites that are as cold as -240° C. They con- 
jecture that large solar storm could gradually grow these 
channels large enough to fragment the grains, disintegrat- 
ing the soil into smaller particles of distinct minerals. 
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Investigating if the other instruments on LRO could de- 
tect the evidence for sparking would be the next phase of 
investigation. 


Source: http://www.sciencedaily.com/ 
releases/2014/08/140821102431.htm; http://onlinelibrary. 
wiley.com/doi/10.1002/2014JE004648/abstract 


Quest for New Volcanic Regions on Lunar Farside 
The farside of Moon is home to several geologically impor- 
tant features among which one is the presence of volcanic 
(mare) surfaces. The mare region covers only ~16% of the 
lunar surface; 15% in the near side and only 1% in the far 
side. The zoned presence of mare over several regions on 
far side thrust the researches to search for new evidence of 
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Schematic cross section of Antoniadi basin 


volcanism and their emplacement period to understand the 
lunar history. Recent research on lunar far side looked for 
evidence of volcanism on Antoniadi impact structure (~143 
km) formed on the southern floor of South Pole Aitken 
(SPA) basin. The formation of Antoniadi on the interior 
of the SPA made it one of the potential sites on the far side 
to quest for the new volcanic cones associated with mare 
deposits. Several volcanic cones are recognized in form of 
small and topographic rises which are made up of basaltic 
flows and fragments. 45 volcanic cones are observed on 
the floor and has been classified based on their sizes and 
shapes (such as C, E, N and P type), which is associated 
with presence of grabens and flow features on the floor 
of the basin. Cones are found to be made up of lava flow 
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and pyroclastic deposits erupted from vents, and abundant 
angular boulder over it suggests that they are pyroclastic 
fragments. The quantification of mare basalt was performed 
using Clementine UV-VIS data that determined the FeO 
and TiO, content with a mean of 13.6 wt. % and 0.7 wt 
.% respectively. These values estimated from Antoniadi 
basin are relatively lower as compared to the nearside ba- 
salts, which still demands to understand the petrogenesis 
difference between the near- and far-side basalts. Crater 
counting on 3 regions on the floor tends to a relative age 
of ~1.66 Ga, ~1.61 Ga and ~2.66 Ga, whereas the age of 
the basin span in between 3.2 to 3.8 Ga. This new evidence 
suggests that the volcanism in the basin occurred about ~1 
Ga later than the basin formation. With all this evidence, 
the plausible scenarios for volcanism in Antoniadi basin 
are: 1) based on magma underplating and magma cham- 
ber over-pressurization, and 2) involving simple magma 
buoyancy. In addition to the evidence for recent volcanism 
reported from Antoniadi, it further provides a window to 
explore the lunar crustal and mantle material, which may 
help decipher the thermal evolution of lunar farside, where 
no man has landed. 


Source: http://www.sciencedirect.com/science/article/pii/ 
$00191035 14004369 


First Human made Object (Rosetta-Philae lander) 
to Land on a Comet! 

Rosetta, a comet chasing spacecraft started its journey 
from Earth (Feb. 2004) to comet 67P/Churyumo Gerasi- 
menko, which was initially ~1000 million kilometers far. 
After spending most of its time in hibernation mode, on 
Aug. 6, 2014 spacecraft came at 100 km to the comet and 
started it voyage along with the comet. Along with the 12 
scientific payloads designated to study the comet from a 
certain altitude of spacecraft, it has a lander named ‘Phi- 
lae’, which will be the first Earth made object (weight: 
~100 kg) to alight on a comet. From the day of its arrival 
DESTINATION COMET 


(On 11 November, the European Space Agency plans to land a robotic probe, Philae, on the surface of the 
icomet 67P/Churyumov-Gerasimenko. Mission scientists meeting over the weekend picked their favourite 
from a shortlist of five sites. The comet is shaped like a rubber duck (seen here from above). 


Simila J, but with 
slopes, cliffs and hills. 
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to comet, Rosetta started mapping the comet to choose a 
proper landing site for the Philae. The first set of images 
gave glimpses about the regular and potato-like shaped 
comet that suggested an overall 70-75 % success rate for 
landing. However, the higher spatial resolution images 
suggest that its curious shape has become a challenge for 
landing. Among the several landing locations discussed 
by the ESA team members, site J emerged as favorite. Al- 
though it may not be the best site satisfying all the technical 
and scientific criteria’s, but overall it is by far the safest 
landing site with comparatively higher success rate. This 
washing machine sized lander will be probably landing on 
Nov. 11, 2014 at the time when Rosetta will release Philae 
from a distance of about ~10 km. After detaching from 
the parent satellite, the Philae will take ~7 hours to drift 
unguided towards site J, where it will secure itself with 
harpoons and screws (with battery power left over for post 
landing operations). At a distance of few hundred meters 
from this site, two pits are present which may become ac- 
tive, spewing out gas and dust, as comet approaches the 
Sun. At site J, the terrain slopes are <30° to local vertical 
and relatively few boulders are present, which reduce the 
chances of toppling over during landing. Moreover, this 
landing site provides the best chance of communication 
between the spacecrafts. Almost all the planetary missions 
are commenced with plan B if plan A fails; for Philae the 
backup landing location is called site C with few others 
also in the pipeline. This site C was preferred as backup 
because of a higher illumination profile and presence of 
fewer boulders. The successful landing of a spacecraft on 
a comet is as complex as human landing on Moon. Fingers 
will be crossed until the touchdown, after which there will 
be more excellent research for all the interested folks back 
here on Earth. 


Source:_http://www.nature.com/news/lander-to-aim-for- 
comet-s-head-1.15936 


Water Formation on Mars 

Beyond Earth, the quest for water on any planetary body 
has been exciting for one very simple reason that liquid 
water is a key ingredient for life. Studies on possible flow of 
liquid water on Mars during the past or in the recent times 
has always been given preference as multiple geomorphic 
evidences, gadget readings, and evidence for wet droplets 
around Phoenix lander’s leg have been already shown in 
its support, although direct detection is unachieved. One 
obvious cause for its absence is that Martian pressure- 
temperature conditions are below triple point of water, then 
how to explain those significant evidences that support its 
existence during certain periods and at certain locations. 
In view of this, researchers have conducted experiments 
to explain theories and evidences about existence of liquid 
water even in such a cold climatic environment. The focus 
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of the experiments was to recreate the Phoenix landing 
site conditions within a Mars simulation chamber made 
up of two feet high and five feet long metal cylinder. 
The temperature within chamber was set to -185° to -5° 
F (Martian spring/early summer temperatures), humidity 
was mostly set to 100%, and pressure was kept around 1% 
of Earth’s. Two experiments were conducted, one with 
only calcium perchlorate salts and the other one with the 
same salts placed directly over 3 mm thick layer of water 
ice. Of these two experiments, in the case where perchlo- 
rate was kept over water ice layer, liquid water droplets 
formed in minutes as the chambers approached -100° 
F. The presence of liquid water was further confirmed 
using Raman spectroscopic technique. This experiment 
demonstrated the earlier hypothesis that proposed pres- 
ence of salts in the droplets of water appeared at Phoenix 
lander leg that could help it remain in liquid state. In ad- 
dition, this experiment extends the possibility for gully 
formation on Mars by flow of salty liquid water while 
suggesting longer survival (several hours a day) and flow 
over the surface/shallow subsurface during spring/early 
summer. Such experiments are indeed very useful for 
future missions as they help improve our understanding 
on existence of some of the potential resources that might 
be available in plenty on other planetary bodies. 


Source:http://www.sciencedaily.com/ 
releases/2014/07/140702131638.htm:http://onlinelibrary. 
wiley.com/doi/10.1002/2014GL060302/abstract 


Microbial Life on Mars? 

There has been one untiring search for an ultimate quest: 
The origin of life on Earth. Life on Earth is believed to 
have emerged (around ~ 4 Ga) and began to diversify 
around ~ 3.5 Ga. Some scientists have theorized that the 
potential evidence for ‘paleo’ life on Earth could have 
been destroyed by plate tectonics; whereas due to absence 
of plate tectonics, Mars could preserve the fossils of this 
ancient life. Curiosity, the rover with improved order 
of magnitude over its predecessors has now provided 
a key to a billion dollar question; whether the Martian 
soil is dead or was alive. How ground breaking it would 
be if we find soils in Antarctic dry valleys and Atacama 
Desert deep in Gale crater. Recent images and data from 
Curiosity have shown earth like soil profiles with cracked 
surfaces lined with ellipsoidal hollows and concentra- 
tions of sulphate comparable with the former spots. 
Gregory Retallack, Professor of geological sciences at 
University of Oregon and Co-Director of Paleontology 
research at the UO Museum of Natural and Cultural 
History has published that soil deep in gale crater (~ 3.7 
Ga) contains evidence that Mars was once warmer and 
wetter. He has stated that the images were the first clue, 
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then, the chemical and mineral analytical capability of 
Curiosity clearly showed chemical weathering trends and 
clay accumulation at the expense of olivine as expected 
in soils on Earth. Depletion of phosphorous, vesicular 
structure (volcanic rock texture characterized by a rock 
being pitted with many vesicles (cavities) at its surface 
and inside) and replacive sulphate nodules aggregated into 
distinct bands (gypsic by horizon) of martian paleosols are 
features of habitable microbial Earth soils on Earth and 
encourage further search for definitive evidence of life 
on Mars. Vesicular hollows and sulphate concentrations 
are features of desert soils on Earth, which are not seen in 
younger surface soils of Mars. Retallack mentioned that 
the paleosols do not prove that Mars once contained life 
but they add evidence that an early wetter and warmer 
Mars was more habitable. Malcolm Walter, Australian 
Centre for Astrobiology said that the discovery of these 
fossilized soils in the Gale Crater spectacularly increases 
the possibility that Mars has microbes and there is a real 
possibility that there is or was life on Mars. Steven Benner, 
Westheimer Institute of Science and Technology has con- 
jectured that life is more likely to have originated on a soil 
planet like Mars than a water planet like Earth. It was also 
mentioned that this discovery not only shows soils that 
might be direct products of an early Martian life, but also 
presents the wet-dry cycles that many models require for 
the emergence of life. 
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Rover image from Gale Crater reveals soil features 
similar to paleosols on Earth. 
Credit: NASA 


Source: http://www.sciencedaily.com/ 
releases/2014/07/140717125043.htm; http://geology. 
gsapubs.org/content/42/9/755 


Plate Tectonics on Europa! 

Earth is an active planet whose past information is lost 
because of plate tectonics. Plate tectonics describes the 
large-scale motion of Earth’s lithosphere, which is the rigid 
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outermost shell of a planet (on Earth, the crust and upper 
mantle). This is broken up into tectonic plates. On Earth, 
there are seven or eight major plates and many minor 
plates. Where plates meet, their relative motion determines 
the type of boundary. No other celestial body was found to 
have plate tectonics until a recent ice breaking discovery 
transpired. Scientists from University of Idaho and Johns 
Hopkins University have found evidence of plate tecton- 
ics on Europa (Jupiter’s icy moon which has one of the 
youngest planetary surfaces in the solar system) indicating 
the first sign of this type of surface shifting geological 
activity other than Earth. Using Galileo spacecraft images 
taken during early 2000’s, they have produced a tectonic 
reconstruction of geologic features across a 134,000 sq 
km region of Europa. Regardless of persistent extension 
and creation of new surface area at dilational, evidence 
for transform motions along prominent strike-slip faults, 
as well as the removal of approximately 20,000 sq km of 
the surface along a discrete tabular zone are seen. They 
have proposed that Europa’s ice shell has a frail, movable, 
plate-like system. Hence, Europa may be the only solar 
system body other than Earth to exhibit a system of plate 
tectonics till date. This discovery not only make Europa 
one of the most geologically interesting bodies in the solar 
system, it also implies two-way communication between 
the exterior and interior - a way to move material from the 
surface into the ocean - a process which has significant 
implications for Europa’s potential as a habitable world. 
Studying Europa addresses fundamental questions about 
this potentially habitable icy moon and the search for life 
beyond Earth. 
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Conceptual illustration of the subduction process 
(where one plate is forced under another) Jupiter’s 
moon Europa. 

Image Credit: Noah Kroese, IL.NK 


Source: http://www.nature.com/ngeo/journal/vaop/ncur- 
rent/full/ngeo2245.html 
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¢ Could there be fossils on Moon 


Link:http://rsta.royalsocietypublishing.org/ 
content/372/2023/20130190 


Effects of tidal forces in Moon's early history 


Link: http://www.nature.com/nature/journal/v5 12/ 
n7513/full/naturel3639. html 


A new structure in Martian Meteorites 


Link: http://online.liebertpub.com/doi/abs/10.1089/ 
ast.2013.1069 


Anew THEMIS map of Mars 


Link:http://www.sciencedaily.com/ 
releases/2014/07/140716141333. htm 


Dune orientation on Titan 


Link:http://onlinelibrary.wiley.com/ 
doi/10.1002/2014GL060971/abstract 


Illumination conditions of potential landing sites near 
the lunar South Pole 


Link: http://www.sciencedirect.com/science/article/ 
pii/S0019103514004278 


Catastrophic flooding and glacia- 
tion on Mars during middle Amazonian 
Link:http://www.sciencedirect.com/sci- 
ence/article/pii/S0019103514003194 


Moreux crater unveils records of recent and episodic 
glaciation on Mars 

Link: http://www.sciencedirect.com/science/article/ 
pii/S0019103514004904 


Understanding impact cratering processes in basalt 


Link: http://onlinelibrary.wiley.com/ 
doi/10.1002/2013JE004543/abstract 


Evidence for Solar system in- 
side an ancient supernova remnant 
Link: _ http://science.nasa.gov/science-news/science- 
at-nasa/2014/26aug_localbubble/ 


Water vapor found on a smallest exoplanet - heic 1420 
Link: http://sci.esa.int/hubble/5468 1-clear-skies-on- 
exo-neptune-smallest-exoplanet-ever-found-to-have- 
water-vapour-heic1420/ 


Exoplanet diameter measurable with remark- 
able precision- up to second decimal place 
Link: _ http://science.nasa.gov/science-news/science- 
at-nasa/2014/18aug_sizeup/ 


7 


Back to contents 


Evolution of the Galaxy and the Bulk Composi- 
tion of the Solar System 


The various chemical elements belonging to the periodic 
table were discovered during our gradual scientific and 
technological developments over the last 3000-4000 years. 
The pursuit for the discovery was initially limited to the 
use of the chemical elements for the basic growth of our 
civilizations. However, the discovery or synthesis of several 
elements during the last century was motivated by the search 
to look for additional elements that have the chemical prop- 
erties identical to the one already discovered in the periodic 
table. The pursuit has eventually resulted in the discovery 
of elements (or their decay products) up to Plutonium in 
natural samples, whereas, some of the elements up to Un- 
unoctium have been synthesized in laboratories. Almost 
all the natural occurring elements that have been observed 
either in terrestrial/extraterrestrial planetary bodies or stellar 
atmospheres had their origin 
inside stars by a wide- 
range of thermonuclear 
reactions operating at high 
stellar temperatures. These 
nuclear reactions determine 
the elemental (isotopic) 
abundance that evolves 
along with the evolution 
of the galaxy. In the current 
review we present a brief 
account of the various as- 
trophysical processes that 
shaped the present bulk 
elemental (isotopic) abun- 
dance distribution of our 
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sun constitutes 99.86 % of the total mass of the solar system. 
Hence, the elemental composition of the solar surface as 
deduced by the spectral analyses of the Fraunhofer lines 
reveal the bulk elemental composition of the solar system. 
The deduced bulk solar elemental composition also serves 
as the standard yard stick to normalize the bulk elemental 
composition of stars, interstellar molecular clouds, and 
galaxies as deduced on the basis of stellar spectroscopy. 
Even though, the solar spectra provide the bulk elemental 
composition of the solar system, the stable isotopic abun- 
dances of the various elements is deduced on the basis of 
the isotopic analyses of several terrestrial and extraterrestrial 
sample. Here, the primitive meteorites, specifically the Cl 
carbonaceous chondrites, play a significant role in quantify- 
ing the bulk elemental and isotopic composition of majority 
of the elements. Except for the volatiles, the CI chondrites 
have the elemental composition almost identical to the 
sun. The normalized bulk elemental abundance of the solar 
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solar system and the stars 
within the vicinity of sun. 
We also portray a timeline 
of the astrophysical events 


that resulted in the evolu. Figure 1: The Standard Abundance Distribution (SAD) deduced on the basis of the solar 
tion of the universe from Spectral analyses and the elemental composition of primitive meteorites. The various 
big-bang around 13.7 billion stellar nucleosynthetic processes are marked along with the predominantly abundant 
years ago to the formation of ¢/ements. The elements that are marked within the ellipse are the fragile nuclides that 
the solar system around 4.56 4re mostly destroyed by the spallation nuclear reactions operating within the harsh 


billion years ago. stellar environments 
Standard Abundance Distribution: 

The elemental and isotopic analyses of terrestrial samples 
from Earth quantitatively provide its primary bulk composi- 
tion only to an extent due to the differentiated nature of the 
planet. The relentless geological processes operating on this 
planet obliterated its pristine elemental and isotopic compo- 
sition. Except for the upper crust it is difficult to precisely 
quantify the composition of the Earth, specifically in the 
case of Earth’s core and mantle. The bulk elemental and 
isotopic composition of the solar system is deduced on the 
basis of the solar spectrum and the primitive meteorites. The 


system is presented in Fig. 1. The normalization is done in 
a manner to present the elemental abundance of hydrogen, 
the most abundant element, and uranium, one of the least 
abundant elements, ona single logarithmic graph. Based on 
this Standard Abundance Distribution (SAD) it should be 
noted that for every 1012 atoms of hydrogen in the universe 
there is a single uranium atom. The abundance distribu- 
tion declines gradually from hydrogen to uranium (Fig. 1) 
as the various stellar nucleosynthetic processes operating 
within stars assemble heavier nuclides at the expense of 
low mass nuclides. These nucleosynthetic processes have 
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The Beginning..... 


Space, Time, Matter, Energy 
~13.7 Billion years ago 


Voy 


mm H~75%;He~25%;Z=0 


Stars 0.08-8Mo5 Z 


Interstellar medium 


_ Star formation 


— 


1-30M, “a 30-100 Mo 


Stellar evolution & Nucleosynthesis 


~4.5 Billion years ago 


10*?° years 
Red giant (+AGB) Stars 


10°’ years 
Supernovae SNII 


Neutron star / Black hole 


~10° years 
Wolf-Rayet + SN Ib/c 


— _ Solar system formation _ 
H~ 70.8 %; He~ 27.8%;Z=1.4% 


Figure 2: The sequence of astrophysical events that resulted in the origin and evolution of the universe, the evolution 
of stars of different generations formed within the galaxy and the origin of the solar system. Stellar nucleosynthesis 
operating within stars result in the production of nuclides heavier than hydrogen and helium during the evolution 
of the galaxies. The formation of the solar system occurred ~4.56 billion years ago from a parcel of interstellar gas 
that had been enriched by the elements produced inside billions of stars. This is represented by the heavy elemental 
abundance increase from 0 % to 1.4 % from the beginning of the formation of the galaxy around 13 billion years to 
the formation of the solar system around 4.56 billion years ago. The hydrogen and helium abundance change is due 
to the conversion of the former to the later on account of hydrogen nuclear burning inside stars 


been operating within stars of different generations during 
the evolution of our universe. The surplus production of 
hydrogen and helium, the most abundant elements (Fig. 1), 
in the early universe initiated the onset of the formation of 
the stars of different generations and the process of stellar 
nucleosynthesis. 


Origin and Evolution of the Universe: 

Several astronomical observations indicate that the origin 
of our universe occurred around 13.7 billion years ago as a 
result of big bang (Fig. 2). The big bang was responsible for 
creating the basic fabric of the space-time continuum along 
with the initial matter-energy distribution of the universe. 
The big bang energy was also responsible for the expan- 
sion of the universe that continues even now. Most of our 
understanding regarding the early evolution of the universe 
is based on theoretical formulation of cosmology and high 
energy physics that at present lack substantial empirical sup- 


port due to the un-assessable high energy technology. The 
universe began with a huge amount of radiation energy con- 
fined over extremely small spatial dimensions. A substantial 
fraction of the radiation materialized as quarks, leptons and 
their anti-particles. The initial high energetic environment 
was associated with extremely high temperature (> 1013 K) 
where quarks, the most fundamental particles, and gluons, 
the particles that bring in the interaction among quarks, 
existed as unbound (free) particles. This quark-gluon plasma 
era lasted till the temperature of the universe on account of 
its expansion dropped below a point where the quarks lost 
their freedom and got confined within hadrons. Protons and 
neutrons are the most familiar hadrons that were synthesized 
during this hadron era (Fig. 2). 


With the further expansion of the universe the temperature 
dropped below a point where the leptons, including elec- 
trons, acquired their initial abundance distributions during 
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the lepton era. This era also marked the reduction of the 
neutron/proton value from ~1 to ~0.14. As the universe 
continued to expand further, the temperature dropped below 
a level where the protons and neutron bonded to form helium 
(*He) nuclei during the era that is commonly referred as the 
primordial nucleosynthesis era. This era established the ini- 
tial relative mass abundance of 75 % and 25 % for hydrogen 
and helium, respectively. Except for the production of the 
deutron, *He, *He and ‘Li, the primordial nucleosynthesis 
era did not produce any other heavy nuclide. Subsequent 
to the further expansion of the universe, its temperature 
dropped below the ionization point of the hydrogen atom. 
This resulted in the recombination of bare electrons with 
the protons to form the neutral hydrogen atoms. 


The accumulation of neutral hydrogen atoms led to the 
formation of intergalactic hydrogen gas clouds that even- 
tually collided with other gas clouds and commenced the 
formation of the galaxies in a hierarchical manner (Fig. 2). 
The accretion of the matter by galaxies and collision among 
galaxies resulted in their further growth over time, a process 
that continues even now. Several scenarios have been pro- 
posed regarding the accretion rate of the galaxies including 
our own galaxy, the Milky-Way galaxy. These scenarios 
range from the rapid early accretion of galaxies to the sce- 
narios where the formation of the galaxies occurred gradu- 
ally over several billion years. The commencement of the 
formation of galaxies led to the initiation of the formation 
of the first generation stars from the interstellar molecular 
clouds (Fig. 2). Stars are formed as a result of gravitational 
collapse of dense regions of interstellar molecular clouds. 
The first generation stars were born with hydrogen and he- 
lium abundance by mass of 75 % and 25 % respectively. As 
discussed earlier, this initial abundance was established by 
primordial nucleosynthesis. All the heavier elements from 
carbon to uranium were synthesized inside stars by stellar 
nucleosynthesis (Fig. 1, 2). These elements are collectively 
referred as metals in the astrophysical terminology. 


Stellar Evolution and Nucleosynthesis: 

During the lifetime of stars, hydrogen nuclides within stellar 
cores undergo thermonuclear fusion at high temperature > 
107 K, resulting in the production of helium (Fig. 1) along 
with the energy that makes the stars shine. In the advance 
stages of the evolution of stars, helium (alpha) nuclides can 
fuse by triple alpha reaction at ~108 K to produce C (Fig. 
1). ’C can further fuse with an alpha nuclide to produce '°O. 
The thermonuclear fusion reactions based on '*C and '*O 
operating at temperature > 109 K can produce a wide range 
of nuclides in the intermediate mass range. This includes 
some of the most prominent isotopes, e.g., ?"Ne, “Mg, *8Si, 
°S and *°Ca (Fig. 1). All these nuclides that are produced 
by fusion reactions are referred as the primary isotopes as 
these nuclides are basically derived by clustering of alpha 
nuclides. These primary isotopes have higher abundance 
compared to the secondary isotopes belonging to the same 
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elements (Fig. 1). The secondary isotopes are produced 
by proton, photon and neutron induced reactions with the 
primary isotopes. Beyond the intermediate mass range 
nuclides the production of the iron-peaked nuclides (Fig. 
1) is considered to be due to nuclear statistical equilibrium 
process. This equilibrium process produces iron-peaked 
nuclide abundance according to the nuclear binding ener- 
gies of the nuclides. Since, the iron-peaked nuclides have 
maximum binding energies and the binding energy declines 
afterwards for the heavier nuclides, the production of the 
heavier nuclides by fusion reactions become impossible. 
All the heavier nuclides beyond iron-peaked nuclides 
(Fig. 1) are produced by neutron induced reactions of the 
iron-peaked nuclides that serve as the seed nuclides. Based 
on the intensity of the neutron flux two types of neutron 
induced reactions have been broadly identified. The as- 
sociated processes are referred as s (slow)- and r (rapid) 
—process. The s-process is responsible for the production 
of almost all the stable nuclides that are found along the 
B-stability valley on the neutrons vs protons nuclei chart. 
Whereas, the r-process is responsible for the synthesis of 
neutron rich isotopes. These two processes operate within 
distinct stars at different evolutionary stages. Some of the 
elements predominantly produced by s- and r- processes 
are depicted in Fig. 1. 


Subsequent to their formation, stars of different masses 
evolve distinctly over distinct timescales. The stars in the 
mass range 0.08—8 MO eventually evolve as red giant stars 
and Asymptotic Giant Branch (AGB) stars over timescales 
of 108 — 1010 years (Fig. 2). Here, 1 MO is the mass of 
sun. At the end of their life these stars eject majority of their 
masses along with their nucleosynthetic products into inter- 
stellar medium in the form of planetary nebula. A fraction of 
the stellar mass within their cores stabilizes as a degenerate 
white-dwarf. Except for their possible role in supernova SN 
Ia type, the white-dwarfs remain inert and isolated during 
the rest of the evolution of the galaxy. The AGB stars are 
considered to be the prominent source of s-process nuclides. 
Almost all the stable nuclides along the B-stability valley 
that are heavier than iron-peaked nuclides are produced 
within AGB stars. During the planetary nebula stage of the 
AGB stars, these nuclides are ejected and homogenized 
into interstellar medium. The entire cycle of star formation 
and homogenization of stellar nucleosynthetic debris into 
interstellar medium is schematically presented in Fig. 2. 


Single massive stars in the mass range 11 — 30 MO evolve 
through a series of successive nuclear fusion reactions 
initiating from the core burning of hydrogen to helium 
(Fig. 2). The helium burns to produce carbon that in turn 
produces oxygen and other intermediate mass nuclides 
during the fusion reactions. The sequence of nuclear fu- 
sion processes continue till the production of iron-peaked 
nuclides. Prior to the end of the life of these massive stars, 
the iron-peaked nuclides are synthesized in the core and 
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no nuclear fusion reaction can occur subsequently in these 
stars. The absence of the nuclear fusion energy in the core 
results in the gravitational collapse of the central structure 
of the star. The rebound of this gravitational collapse along 
with the production of enormous neutrino flux at the core 
triggers supernova SN II type. At the time of supernova all 
the stellar nucleosynthetic products are ejected into interstel- 
lar medium, thereby, enriching it with heavier elements. The 
massive stars are considered to be the prominent sources 
of almost all the low and intermediate mass nuclides, e.g., 
oxygen, neon, magnesium, silicon, sulfur, etc. Further, the 
r-process operates within these massive stars at the time of 
supernova. Apart from the production of neutron rich stable 
isotopes beyond iron-peaked nuclides, the production of 
uranium and thorium also takes place by r-process. Mas- 
sive stars evolve rapidly within 25 million years after their 
formation (Fig. 2) and rapidly enrich interstellar medium 
with their nucleosynthetic products. Depending upon the 
initial mass either a neutron star or a black hole is created 
as the remnant of these massive stars. These remnants 
are left behind at the time of supernova explosion. These 
remnants remain passive during the remaining evolution 
of the galaxy. 


Prior to supernova explosion, the massive stars in the 
mass range 30-100 MO evolve through a phase of heavy 
mass-loss. This is commonly referred as Wolf-Rayet phase. 
The surface gravity on these massive stars is not sufficient 
enough to hold the surface against the stellar radiation 
pressure. As a result the stars loose substantial amount of 
matter through Wolf-Rayet winds. These stars eject their 
stellar nucleosynthetic yields during the Wolf-Rayet stages 
and later on at the time of supernova SN Ib/c type (Fig. 2). 
Due to the short life of few million years these stars enrich 
interstellar medium with their stellar nucleosynthetic yields 
at a much rapid rate compared to SN II and AGB stars. 


Apart from the single stars that evolve independently, the 
binary stars evolve in a complex manner, whereby, the 
transfer of mass from one star to another can significantly 
influence its evolution. In case of a binary system if one 
of the stars becomes a white-dwarf, the mass transfer from 
the companion can trigger a supernova SN Ia explosion of 
the white-dwarf (Fig. 2). SN Iais considered to be the main 
source of iron-peaked nuclides to the galaxy. 


Galactic Chemical Evolution: 

Subsequent to the ejection of the stellar nucleosynthetic 
debris from various stars into interstellar space, the ejected 
material is homogenized within interstellar medium. The 
interstellar molecular clouds form from the homogenized 
interstellar medium over several tens to hundreds of mil- 
lions years. The next generation stars are formed in stellar 
clusters by the gravitational collapse of the dense regions of 
molecular clouds. These stars evolve and the various stellar 
nucleosynthetic processes produce heavier nuclides. Dur- 
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ing the final stages of evolution, the stellar nucleosynthetic 
products are again ejected into interstellar space. The cycle 
of the formation and evolution of stars of successive genera- 
tions has been going on in our galaxy for the last ~13 billion 
years. The stellar nucleosynthetic contributions of billions 
of stars formed and evolved over the galactic timescales 
led to the gradual enhancement in the abundance of all the 
nuclides heavier than hydrogen and helium. The Galactic 
Chemical Evolution (GCE) deals with the gradual elemen- 
tal (isotopic) enrichment of the galaxy due to the stellar 
nucleosynthetic contributions of successive generations of 
stars formed and evolved during the last ~13 billion years. 
As a result of this enrichment of all the heavier elements, 
the metallicity (Z, the total mass fraction of all the heavier 
elements) increased over time from a value of 0 (0 %) to 
0.014 (1.4 %) from the time of the commencement of the 
formation of the galaxy ~13 billion years ago to the time 
of the formation of the solar system ~4.56 billion years ago 
(Fig. 2). The elemental abundance distribution acquired 
by our solar system (Fig. 1) was the result of the chemi- 
cal evolution of our galaxy since its beginning. The solar 
system acquired the hydrogen and helium abundances that 
were established by primordial nucleosynthesis after the 
big bang and later on modified by stellar nucleosynthesis. 
However, the heavier elemental abundance distribution was 
established alone by stellar nucleosynthesis. In general, the 
GCE establishes the elemental abundance distribution of all 
the stars within the galaxies, with our solar system as just 
one of celestial entity. 


The Galactic Chemical Evolution (GCE) depends upon the 
accretional scenario of the galaxy that determines the rate 
at which the galaxy accretes matter and grows in mass. The 
other factors that determine the GCE is the star formation 
rate of the galaxy at different epochs during its evolution. 
The GCE also depends upon the stellar mass distribution at 
the time of formation of stars within a single stellar cluster. 
At different epochs, stars are born in stellar clusters ac- 
cording to a power law distribution function with the low 
mass stars forming predominately over the massive stars. 
The stellar nucleosynthetic yields of different stars also 
determine the elemental abundance evolution. I have been 
developing GCE numerical simulations over several years. 
The essential aim is to numerically simulate the entire evolu- 
tion of our galaxy since its formation and compare the pre- 
dicted results with the various astronomical observations. 
The details of these numerical simulations can be found in 
the published literature. Here, I present some of the salient 
features of these GCE numerical simulations. 


The best plausible and optimized GCE model results based 
on our present understanding are presented in Fig. 3. The 
model presented in this review is based on my model with 
a distinct set of simulation parameters that has not been 
presented elsewhere. This model deals with the chemical 
abundance evolution of the region of the interstellar medium 
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Figure 3: Some of the salient features deduced on the basis of my numerical simulations of the galactic chemical 
evolution during the last 13 billion years in the vicinity of our solar system. This includes the deduced temporal varia- 
tion of, a) the star formation rate, b) the total and the gas surface mass density of the galaxy during its accretion, c) 
the supernovae SN IT, SN Ia, S\N Ib/c rates, d) the stellar remnants (white-dwarf, black hole+neutron stars) surface 
mass density in the galaxy, e) the gradual growth of the metallicity (the mass fraction of heavy nuclides above helium), 
J) the elemental abundance of iron (Fe) normalized with the solar iron abundance. The solar system formed around 
4.56 billion years ago. This is represented by a values of 0.104 for Z and [Fe/H] = 0 for the solar system. The astro- 
nomical observed [Fe/H] abundance of the sun-like stars in the solar vicinity is represented in the figure in order to 


compare it with the predicted trend 


where our solar system is presently located at a distance 
of 8.5 kilo parsec from the galactic center. This region is 
generally referred as the solar neighborhood. The deduced 
star formation rate indicates an enhanced star formation 
during the initial stages of the formation of the galaxy (Fig. 
3). Our present understanding indicates a rapid accretion 
of our galaxy during the initial few billion years. This was 
followed by the gradual declining growth that continues 
even now. In Fig. 3, the growth of the total and the gas 
surface mass density of the galaxy is presented that occur 
due to the early rapid accretion growth. The supernovae 
rates indicate an early enhanced activity during the evolu- 
tion of the galaxy. This resulted in a rapid enrichment of the 
interstellar medium by heavy elements on account of stellar 


nucleosynthesis. The normalized elemental abundance evo- 
lution of iron (Fe) during the evolution of the galaxy infers 
a gradual increase over time due to the SN Ia contributions 
to the interstellar medium. The detailed discussion of the 
elemental abundance evolution of other elements is avoided 
here. It can be found in the referred literature. 


As mentioned earlier, the solar system was formed around 
4.56 billion years ago. This time epoch is represented by a 
values of 0.014 for Z and [Fe/H] = 0 for the solar system 
(Fig. 3). This implies that the interstellar medium acquired a 
heavy elemental mass fraction of 0.014, with the solar iron 
abundance at the time of formation of the solar system. 
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Origin and the Early Evolution of the Solar System: 
The galactic chemical evolution established the bulk el- 
emental as well as isotopic abundance of the parcel of the 
interstellar medium that eventually gave birth to the solar 
system around 4.56 billion years ago. The parent molecular 
cloud that led to the formation of the solar system could 
have formed and evolved from that parcel of the interstellar 
medium over a timescale of few tens to hundreds of millions 
years. The gravitational collapse of a dense region of the 
presolar molecular cloud led to the formation of the solar 
system along with other stars belonging to the same stellar 
cluster (Fig. 4). This gravitational collapse could have been 
triggered either by the shock wave from a nearby supernova 
or by itself as a result of the lapse of the internal pressure 
support of the cloud core. Due to the initial rotation of the 
cloud core and the conservation of angular momentum, 
the molecular cloud core that eventually evolved into solar 
system collapsed into a rapidly rotating accretion disk of 
gas with the protosun at its center (Fig. 4). 
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The rotating disk of gas is commonly referred as solar 
nebula. During its initial stages, the matter from the col- 
lapsing cloud core could have fallen on the accretion disk 
rather than accreting directly on the protosun. The accretion 
disk could have in turn fed the central protosun, thereby, 
increasing its mass. The solar nebula itself cooled down 
from its initial high temperature. The cooling resulted in the 
condensation of the earliest solar system grains that are now 
found only in the primitive meteorites. These grains col- 
lided and coagulated with each other along their Keplerian 
orbit around the protosun modified by the gas drag in the 
nebula. The process of coagulation led to the formation of 
pebbles and boulders. These bodies eventually accumulated 
on account of collisions triggered by their orbital velocity 
differences around the protosun to form hundreds of meters 
to kilometers sized planetesimals. The gravitational accre- 
tion of these planetesimals led to the formation of planetary 
embryos, and eventually the planets by the accretional 
runaway growth (Fig. 4). 
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Figure 4: The sequence of events that led to the formation of the solar system. A section of an interstellar molecular 
cloud collapsed either due to its own gravity or by the shock wave of a nearby supernova. The gravitational collapse 
led to the formation of protosun surrounded by an accretion disk, generally referred as solar nebula. Subsequent to 
the cooling of nebula gas, the early solar system grains condensed. These grains coagulated to form bigger pebbles 
and boulders. The accretion of the boulders led to the formation of a swarm of planetesimals. The gravitational 
accretion of the planetesimals led to formation of planets. The isotopic and elemental studies of the meteorites that 
are derived from the asteroids help us to decipher the formation and the early evolution of the solar system 
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Prior to the formation of the solar system, the interstellar 
dust grains carried the elemental and isotopic signatures 
of the various stellar nucleosynthetic sources. The phys- 
ico-chemical processes operating within the solar nebula 
homogenized the isotopic signatures of majority of these 
interstellar dust grains by obliterating them. Since, the sun 
constitutes the majority of the mass of the solar system it 
acquired the bulk homogenized elemental (isotopic) compo- 
sition (Fig. 1). Due to the distinct nature of the mechanisms 
involved in planet formation, the planets acquired distinct 
elemental composition. The inner planets of the solar sys- 
tem acquired only rocky (silicate + metallic iron) contents 
due to the lack of the volatiles, e.g., ice, in the inner high 
temperature regions of the solar nebula. However, the outer 
planets acquired both rocky and icy contents at the time of 
their accretion as the ice could also condense in the outer 
regions of the solar nebula due to the prevailing low tem- 
peratures. The substantial amount of hydrogen and helium 
gases around the outer planets is generally considered to be 
due to the large (rock + ice) core sizes of the outer planets 
that these planets acquired in the early solar system. These 
bulky cores resulted in substantial gravitational accretion 
of the nebula gases rich in hydrogen and helium. 


Subsequent to their formation, almost all the planetary bod- 
ies experienced complex geological processes that continue 
even now in some of the cases. The geological reprocess- 
ing erased all the pristine record of the early solar system 
processes in most of these bodies except for the asteroids 
that are mostly found within the planetary orbits of Mars 
and Jupiter. The primitive meteorites derived from these 
asteroids provide a distinct opportunity to understand the 
origin and early evolution of the solar system. The elemental 
and isotopic analyses of primitive meteorites (Fig. 1) pro- 
vide information regarding the bulk elemental and isotopic 
composition of the solar system that can serve as a reference 
not only for the planetary science community but also for 
astronomers and astrophysicists. 


Summary: 

The primordial nucleosynthesis in the early universe ~13.7 
billion years ago provided the bulk abundances of hydro- 
gen and helium in the universe. Billions of stars formed 
afterward within our galaxy synthesized almost all the 
remaining elements within the periodic table by a wide- 
range of nuclear reactions. The solar system was formed 
~4.56 billion years from a parcel of this interstellar medium 
and acquired its elemental and isotopic composition. The 
sun acquired the bulk composition, whereas, the planets 
acquired composition according to environments prevailing 
in the solar nebula at their formation locations. Geological 
processes operating within the planets altered the initial 
abundances of planets after their formation. 
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Worlds Beyond Our Own 


A Midsummer Night’s Daydream! 

Lying wide-awake in a cool midsummer night on the house 
terrace, a pastime that has these days become rare, some 
daydreamer amongst us looking up at the star-studded sky 
might have wondered if there is someone (an intelligent 
being!) up there in an alien world around one of the far- 
distant stars, right now looking down (looking up from its 
own point of view!) at our world and in turn wondering if 
there is some alien (us!) up there right now looking down... 
Or are we instead alone in our Milky Way galaxy or even 
in the whole Universe? May be we need to pose a more 
pertinent question first — Do other Earth-like worlds exist 
out there in the space yonder that could support life? In fact 
a still simpler query would be — Are there other planetary 
systems like our Solar system that abound in our Galaxy? 
A mere quarter century back such questions would have 
been largely academic in nature with no definite answer. 
But in the past two decades or so a large number of extra- 
solar planetary systems have been found with some of them 
having apparently quite earth-like characteristics. Still there 
is no definite answer to the question about the presence of 
even the simplest forms of life elsewhere, forgetting the 
question of an intelligent life. We have only one example 
of the formation of life, which is on our Earth here, and we 
do not yet know what it all takes to start the formation of 
life in the first place. But once the simplest forms of life 
get triggered, higher forms of life perhaps may not be too 
difficult to come about, though they might look so vastly 
different from us that we may not even recognize them as 
living beings even if they happen to sprung up right in our 
own backyard. 


The First Discovery of an Exoplanet: 

With not even an inkling about the existence of other worlds 
beyond our own, the ancient doctrine that Earth is the centre 
of everything and is thus unique, remained almost undis- 
puted throughout the human history till it got challenged 
by the Copernican heliocentrism in the sixteenth century. 
Giordano Bruno was among the first ones who went beyond 
the Copernican model and put forward the view that the 
fixed stars are similar to the Sun and likewise accompanied 
by planets. According to him all these planets constituted 
an infinite number of inhabited worlds, a philosophical 
position known as cosmic pluralism. For his ‘heresies’ 
Bruno was burnt on stake in 1600. Though the search for 
such planets, now popularly termed as exoplanets, started 
in the late nineteenth century but the first breakthrough 
came only a century later when there were reports of the 
discovery of an extra-solar planet around a pulsar. After 
an initial false start, it was in the year 1992 that our belief 
in the uniqueness of our solar system in the universe was 
finally shattered by the first confirmed detection! of two 
extra-solar planets around a 6.22 millisecond pulsar PSR 
1257+12. This was soon followed by discoveries of Jupiter- 
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sized gas giants around Sun-like stars 51 Pegasi*, 47 UMa* 


and 70 Vir*. Currently there are more than 1800 exoplanets 
that are already discovered and the number is exponentially 
increasing with the improving observing facilities and in- 
strumentation capabilities. 


The Methods for Exoplanet Detection: 

The zeal for hunting other worlds has galvanized astrono- 
mers into developing several techniques in order to search 
for planetary systems beyond our own Solar System. These 
techniques include the traditional transiting method which 
measures the drop in starlight when a planet transits across 
the disk of the star and the astrometry method which mea- 
sures the reflex motion of the star based on series of images 
over long times. Microlensing method, which measures an 
apparent change in the starlight of a distant star due to the 
gravitational bending by the presence of an intervening 
star having a companion, has been capable of detecting a 
few exoplanets. However, Radial Velocity (RV) method for 
detecting exoplanets has turned out to be one of the most 
reliable methods till date. A brief overview of each of the 
methods for detection of exoplanets is given below. 


Pulsar Timing Method: The discovery of an exoplanet 
came from observations of slight modulations of the pulse 
period of a pulsar. Pulsars are compact neutron stars that 
may be left behind in the final stages of a sufficiently mas- 
sive star’s life cycle. These compact stars have masses 
slightly more than that of the Sun contained within a 
compact sphere of about 10 km radius. The density is so 
high that a tea-spoonful material of a neutron star will 
have a mass of about 500 million tons. These compact 
stars rotate about their axes so fast that it takes only about 
a second to complete a rotation, though there are pulsars 
which complete their rotations in almost a milli-second. A 
pulsar gives out a constant source of radio emission along 
its magnetic axis which, in general, may be inclined to 
the rotation axis and an observer sees a pulse of emission 


retatianai 
BRIS 


a 


neutron 
star 


Figure 1; A schematic of a neutron star rotation with an 
inclined magnetic axis 
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whenever the magnetic axis during the star’s rotation cuts 
through the observer’s line of sight. These pulse periods 
are very precise and any variations in them can be detected 
to accuracies as high as a few femto (10°!) seconds. It is 
the study of such variations that led to the discovery of the 
very first extra-solar planet. Any alteration in this period 
may indicate the presence of a companion. It is not just the 
planet which goes around its host star, but the star-planet 
system that goes around their barycentre (common centre 
of mass) with the same revolution period. But the radius of 
the star’s orbit is smaller as compared to that of the planet 
in the ratio of their masses. As the star moves 1n an orbit, it 
causes tiny variations in its observed pulse period. Radio 
telescopes can easily pick up these tiny modulations in the 
pulse period of the pulsar, leading thereby to the detection 
of a companion to the rotating neutron star. 


Although this method boasts of the first definite discov- 
ery of an exoplanet, yet the total number of discoveries 
brought about by this method remain modest compared 
to the Doppler RV and transit techniques. The number of 
planets around pulsars should improve with major facilities 
such as Arecibo PALFA project and the soon-to-come up 
Square Kilometre Array (SKA) focussing on discovering 
many more pulsars in near future. 


Transit Method: When a planet crosses in front of the stellar 
disk of its host star, there is a dip in the magnitude of the 
star due to the occultation by the planet in its orbital path. 
This dip repeats periodically indicating the orbital period. 
The amplitude of the dip will depend upon the area of the 
star blocked by the planet and hence indicates the size of the 
planet. A giant planet like Jupiter will, for instance, cause 
a dip of ~1% in the light curve of the host star whereas a 
terrestrial planet like earth will cause a dip of ~0.01%. It 
is absolutely essential to have a stable photometer with a 
very high S/N capability to measure dips with a precision 
better than 10“. Moreover, monitoring the source over many 
orbits is essential to confirm the period. The first complete 
exoplanet transit was of the star HD 20945, recorded from 
the STARE telescope in the year 1999. 
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This method however is dependent on the geometry of the 


system. The planetary transits are observable for planets 
whose orbits happen to be close to the line of sight from 
earth and the chance probability of such a thing happening 
is rather small. However this fact is compensated by looking 
for short period planets that are much easier to find. The 
main advantage of the transit method is that the size of the 
transiting body can be determined from the lightcurve. To 
prove that the body is a planet (mass less than ~0.01 M__, ), 
the results can be combined with the RV method to ascertain 
the mass, density of the planet, and hence learn something 
about the planet’s physical structure. At the opposite side 
of the transit, the planet passes behind the host star and its 
heated face is eclipsed. This results in a very small sharp 
drop in the total light of the system, which in principle can 
be detected. This secondary eclipse can give an idea of the 
planet’s temperature. 


Kepler: \t is a space observatory launched by NASA to dis- 
cover Earth-like planets orbiting other stars. The spacecraft, 
launched in 2009, has been active for five years. The mission 
was specifically designed to survey a portion of our region 
of the Milky Way galaxy to discover Earth-size planets in 
or near the habitable zone and determine how many of the 
billions of stars in our galaxy have such planets. Kepler’s 
only instrument is a photometer that continually monitors 
the brightness of over 145,000 main sequence stars in a 
fixed field of view. This data is transmitted to Earth and then 
analysed to detect periodic dimming caused by extrasolar 
planets that cross in front of their host stars. The Kepler 
space observatory is in a heliocentric orbit, so that Earth 
does not occult the stars, which are observed continuously, 
and so the photometer is not influenced by stray light from 
Earth. The photometer points to a field in the northern 
constellations of Cygnus, Lyra and Draco, which is well 
out of the ecliptic plane, so that sunlight never enters the 
photometer as the spacecraft orbits the Sun. As of July 2014, 
there are a total of 4234 candidates. Of these, 978 are con- 
firmed exoplanets. Many planet candidates were found in 
the habitable zones of surveyed stars. In Nov. 2013, anew 
mission plan named “K2” (also called “Second Light”), was 
presented for consideration, and on May 16, 2014, NASA 
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Figure 2: A planet transiting against the disk of its host star 
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Gravitation Microlensing 


Figure 3: 


has announced the approval. K2 would involve using Ke- 
pler’s remaining capability at a slightly reduced precision, 
to collect data for the study of supernova explosions, star 
formation and solar-system bodies such as asteroids and 
comets, and for finding and studying more exoplanets. In 
this revised mission plan, Kepler would search a much 
larger area in sky. 


Gravitational Microlensing: Gravitational microlensing 
method for detecting exoplanets relies on the line of sight 
juxtaposition of two stars. According to Einstein’s general 
theory of relativity, light bends due to gravity. Thus, if we 
have stellar light coming from a remote star and there is 
another star in the line of sight then the foreground star 
will act as a lens and will lead to amplification of the light 
coming from the background star. If there happens to be a 
planet going around the foreground lensing star, then there 
could be a brief intensification of light when the planet will 
also happen to be in the observer’s line of sight along with 
the two stars. However, the amplification of the signal from 
the lensed star and planet lasts only for a limited time and 
cannot be predicted. Thus, the phenomenon is rare with a 
miniscule individual probability but monitoring of a dense 
field of millions of stars turns it into a finite possibility. 
Microlensing is well suited for finding low-mass planets and 
has successfully led to the detection of a few exoplanets. 


Astrometry: This is one of the oldest methods for detecting 
a companion around the host star. The star’s residual motion 
after subtracting its projected proper motion and the annual 
parallax is examined and if this motion shows a periodicity, 
it suggests the presence of a companion. The maximum or- 
bital displacement a (in arcsec) of the star in the sky-plane, 
about the system’s barycenter, will be given as, 


Gravitational microlensing by a star and the planet around it 


Here M, and M, are the masses of the planet and the star 
respectively, a_is the major axis of planet’s orbit around the 
star in AU and d is the distance of the stellar system from 
Earth in parsecs. For a decade from 1963 to about 1973, 
there was a claim®’ of detection by using astrometry, of a 
perturbation in the proper motion of Barnard’s Star consis- 
tent with it having one or more planets comparable in mass 
with Jupiter. However later work showed* that changes 
in the astrometric field of various stars were correlated to 
the timing of adjustments and modifications that had been 
carried out on the refractor telescope’s objective lens; the 
planetary discovery was an artefact of maintenance and 
upgrade work. Nevertheless, the upcoming European space 
Agency’s Gaia mission’s microarcsec precision ability to 
measure shifts in stellar positions should enable discoveries 
of exoplanets by this method. This technique would be more 
useful to look for planets across stars with wider orbits as 
against the RV technique, which is more suitable to look 
for shorter orbital period planets. 


Imaging: Imaging the planet essentially means detecting 
the light intercepted and reflected by the planet from its host 
star. The amount of the reflected light by the planet depends 
on its distance from the star, its physical size as well as the 
atmosphere and nature of the surface (terrestrial/gaseous). 
What is important here is the brightness ratio of planet to 
star which for Sun-Earth system is about 10°'° in the visible 
region and it improves to about 10° in the infrared which 
makes IR direct imaging of exoplanets a possibility. This 
method works best for young planets that emit infrared 
light and are far from the glare of the star. With upcoming 
facilities such as Near Infrared Camera (NIRCam) and Mid- 
Infrared Instrument (MIRI) aboard the James Webb Space 
Telescope (JWST), imaging and characterizing exoplanets 
this way would become relatively easier. 


Radial Velocity: The basic principle behind the ingenious 
method of Radial Velocity (RV) comes from the simple 
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Figure 4: The exact location of a planetary system’s habitable zone, a region with temperatures amenable to liquid 
water and life, depends on the type of host star. Credit: NASA 


physics of the Doppler effect. Any rest-frame photon of 
wavelength i, will be detected at a different wavelength i 
by an observer depending on whether the object is moving 
toward the observer (blue shift) or away from the observer 
(red shift), with A given by, 


1+-cos(86) 
c —) 


A= A, —— * A, [1 +=cos(8)] 


_ 


Vv c 


Here vis the velocity of the source moving at an angle 8 with 
respect to the direction of the source as seen in observer’s 
reference frame, c is the velocity of light in vacuum (the 
approximation is valid for v/c <<1, applicable for planetary 
motions around their host stars). In the RV measurements 
of a star as a function of time, any periodic variations indi- 
cate the presence of a secondary around the primary. This 
method was brought to limelight with its first remarkable 
result of detection of a planet surrounding a main sequence 
star 51 Pegasi in 1995. Obtaining precise orbital parameters 
for super-Jupiters to Earth-like planets is possible by the 
RV measurements. 


The RV technique has improved over the years. In 1953, 
radial velocities with a typical precision of 750 m/sec were 
used for cataloguing stars. With the need for detecting earth 
like planets in habitable zone of the host star requires pre- 
cision of the order of a few cm/sec. For example a Jupiter 
like planet induces a RV shift of 12 m/sec on Sun whereas 


Earth at | AU causes RV shift of 9 cm/sec. Thus detection 
of smaller masses at distant orbits requires better precisions 
and stabilities. The simultaneous reference technique has 
been successfully employed in many spectrographs at dif- 
ferent observatories around the world. With spectrographs 
such as SOPHIE, HARPS and India’s indigenous PARAS 
installed at PRL having achieved precisions at the level 
of 1-2 m/sec (for HARPS below 1 m/sec) we are indeed 
closer to discovering more exoplanets in the habitable zone 
of the host stars. 


Out of a total 1822 confirmed planets in 1137 planetary 
systems including 467 multiple planetary systems (as of 
Sep. 12, 2014), about one-third of them are by radial ve- 
locity technique using high-resolution spectroscopy. The 
following table shows the number of exoplanets detected 
by various methods. 


Table 1: Number of exoplanets detected by various 
detection techniques 


Method for detection 


Radial Velocity 


Transiting planets 1147 (Confirmed by 
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Habitability: 

Currently Earth is the only planet that we know which 
supports life and we still are in the hunt for similar other 
planets that could support life. For a habitable planet we 
essentially mean a planet which lies within a region around 
the star that could support life (of the type that we know); 
the region popularly known as the Goldilocks zone. Since 
we know of life only as it exists on Earth, we can at present 
imagine only similar type of conditions that are conducive 
to the formation and survival of life on Earth. Therefore, 
the habitable zone is calculated based on the position of 
Earth in the solar system and the amount of radiant energy 
it receives from Sun. This region has the right temperature 
and right pressure to support liquid water at the surface 
and thereby serves a possible place to harbour life in the 
current known form. Not only that even the orbit of the 
planet should be quite stable around the star to avoid too 
wild changes in the star-light received and the changes in 
the planet’s atmosphere. Therefore, a planet in a binary 
star system may not be a good candidate for a habitable 
place as its orbit may not be very regular and the resulting 
fluctuations in the temperature and atmospheric conditions 
on its surface may not be very conducive to the survival 
of life on it. But there are counter arguments to this in the 
literature and it has been argued that such a system might 
in fact be more likely to lead to a start of life. Potentially, 
life could exist even more in binary systems than it does 
in single systems and indeed it could be possible that both 
Alpha Cen A and B have planets conducive to life. 


The phenomenon of a planet lying in the habitable zone of 
the host star depends on the orbital separation of the planet, 
the mass of the host star itself as well as the radiative flux 
emitted by the star. This habitable zone is also split into two 
regions, one being the conservative habitable zone where 
less massive planets like Earth and Venus can remain hab- 
itable and the extended habitable zone where super-Earth 
planets with stronger greenhouse effects could sustain liquid 
water on the surface. 


Kepler Mission has found over 60 planets that could be 
lying in the habitable zone of their host stars. Kepler-186f 
situated 490 light years from Sun, ~10 % larger than Earth 
and rocky in nature, lies in the habitable zone. There are 
many similar planets like Kepler-22b, Tau Ceti e and f 
which are orbiting Sun-like stars, and some other planets 
like the super-Earth Gliese-667c as well as Gliese-581d 
which orbit around their host red dwarfs; all of these lie in 
the respective habitable zones of their host stars. Then there 
are Kepler-47b and 47c, the first transiting circumbinary 
system — one or more planets orbiting binary stars, and 
one of those planets is in the binary system’s habitable zone 
(where liquid water may exist)! Another discovery is a five- 
planet system around a star called Kepler-62, some 1200 
light-years away in the constellation Lyra. All five planets 
transit the star meaning their orbits appear to cross in front 
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of their star as viewed from the Earth’s perspective. Their 
inclinations relative to Earth’s line of sight vary by less than 
one degree. This allows direct measurements of the planets’ 
periods and relative diameters (compared to the host star) 
by monitoring each planet’s transit of the star. The inner 
three worlds seem too hot for life, but planets Kepler-62e 
and Kepler-62f may be far more accommodating. They are 
1.6 and 1.4 times the diameter of Earth respectively, and 
their orbits are within the boundaries of the habitable zone 
in which liquid water could exist. In fact another star sys- 
tem has been identified with up to seven planets — three of 
which could potentially host life —22 light-years away. The 
likelihood that conditions could support life on at least one 
of those planets, given that there are three terrestrial-mass 
planets in the habitable zone of one system, is tremendous. 
It seems highly likely that we are not alone, so there is no 
reason for eremiphobia — fear of loneliness! 


The Possibility of Finding Intelligent Life elsewhere in 
the Milky Way: 

There could be over 100 million planets in the Milky Way 
galaxy that could support complex life, though this does not 
necessarily imply that complex life does exist on that many 
planets. What it means is that there are planetary conditions 
that could support life. Origin-of-life questions are not even 
addressed — only the conditions to support life. Complex 
life doesn’t mean intelligent life — though it doesn’t rule it 
out — but simply that organisms larger and more complex 
than microbes could exist in multitude forms. Using more 
than 1,000 planets and using a formula that considers 
planet density, temperature, substrate (liquid, solid or gas), 
chemistry, distance from its central star and age, something 
called the Biological Complexity Index (BCI) can be com- 
puted. The BCI calculations reveal that 1 to 2 percent of 
the planets could have a BCI rating higher than Europa, a 
moon of Jupiter thought to have a subsurface global ocean 
that could harbour forms of life. 


Despite the large number of planets that could harbour 
complex life, the Milky Way galaxy is so vast that planets 
that support life could be very far apart. Then a question 
arises — Can we ever have a physical ‘contact’ with them 
or at least achieve some far-distance communication? At 
this stage it might be extremely difficult or perhaps almost 
impossible to state with any amount of certainty the prob- 
ability of us contacting life elsewhere. Drake expressed this 
in the form of an equation for calculating the probability of 
detection of intelligent life within our Milky Way galaxy 
by an electromagnetic communication. 


Drake Equation: 
Drake equation estimates the number of detectable Extra- 
Terrestrial (E.T.) civilizations in our Milky Way galaxy. 
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The equation states, 
N=N.*f *n) * fees 
s p 2 1 1 c L 


N = number of civilizations detectable in the Milky Way; 
N, = estimated number of stars in the Milky Way; 

i = fraction of the stars having planets in orbits around 
them; 

ne= average number of planets around a star with potential 
to host life as we know it; 

f, = fraction of such planets that actually develop life; 
f=fraction of the planets that actually develop intelligence 
on human level; 

f = fraction of civilizations that develop electromagnetic 
radiation emitting technologies; 

f, =fraction of civilizations at any time emitting electromag- 
netic signals in space. 


The equation was written in 1961, with every factor very 
uncertain. The only change that has happened in the inter- 
vening years is that f, the fraction of stars having planets 
orbiting them, is perhaps now close to one, although the 
remaining factors still remain almost as uncertain as ever. 
Of course there could be other factors like the average time 
scale an intelligent civilization may last. Based on Kepler 
space mission data, it is estimated that there could be bil- 
lions of Earth-sized planets orbiting in the habitable zones 
of sun-like stars and red-dwarf stars within the Milky Way 
galaxy, with the next nearest planet in the habitable zone be- 
ing as little as 12 light-years away from Earth. However the 
number that actually harbours life could be much smaller. 


If we drop the word “intelligence” and the ensuing factors 
from the Drake equation and concentrate on only the sim- 
plest forms of life, then their occurrence probability may 
increase by a large value; however, their detectability from 
Earth becomes much less probable. First and foremost, we 
cannot travel up to them as it has been calculated and shown 
that a return trip to a planet merely 12 light-years away is 
almost impossible, even using our most-efficient controlled 
thermonuclear reactions, as it might need fuel mass equal to 
one-third of our Galaxy!®. Thus, it does not seem possible 
that we will ever be able to touch fingers with any E.T. or 
have a miraculous transformation from an embracing (em- 
barrassing to most conformist zealots the mere idea itself!) 
encounter with a Jadu from beyond our own Solar system. 
Of course the same energy constraints will be applicable 
to any ‘guest from yonder’ planning to pay us a visit (thus 
ruling out any real UFOs)! 


Therefore any communication has to be through an elec- 
tromagnetic media like radio waves. It is also more likely 
that we will be successful in making such a “contact” if we 
try to ‘listen’ to them instead of a more active transmission 
on our part. The argument goes something like this: Our 
modern science is only about 400 years old, and our radio 
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communication skills are less than a century old. The alien 
intelligence that we might ever get in touch with will most 
likely be much more advanced than us in their communica- 
tion techniques and will be able to transmit much higher 
levels of electromagnetic power and thereby able to reach 
much farther than we can (if they are not so advanced then 
itis very unlikely that we will be able to communicate with 
them). Therefore it is much more sensible to try to ‘listen’ 
to them. 


Instead of aliens with radio technology, Seager has revised 
the Drake equation to focus on simply the presence of any 
basic form of life. Her equation can be used to estimate 
how many planets with detectable signs of life might be 
discovered in the coming years. Focusing on M stars, the 
most common stars our neighbourhood that are smaller and 
less luminous than our Sun, her calculations suggest that 
two inhabited planets could reasonably turn up during the 
next decade. 


Of course there exists an additional complication that some 
of the planets in the habitable zone, especially around the 
M dwarf stars, might be tidally locked to their host star 
which might make them incapable of sustaining life due 
to their temperature extremes and other harsh conditions 
on the surface of such planets'’. And even if planets are 
in the habitable zone, the number of planets with the right 
proportion of elements is however, difficult to estimate, 
with numerous gas giants in close orbit. The possibility 
of life on exomoons of gas giants (such as Jupiter’s moon 
Europa, or Saturn’s moon Titan in our solar system) adds 
further dimensions to this enigmatic problem. 


Exomoons: 

On the lines of current hunt for signatures of life across 
the planets in outer solar systems, a good thought could be 
raised on probing the less explored territory of exomoons, 
a natural satellite to an exoplanet, and the speculation of 
habitable conditions at such moons. Looking at our own 
backyard, we have Jupiter and Saturn hosting more than 
60 moons around their orbits. The potential of the moons, 
Europa orbiting Jupiter and Titan orbiting Saturn, on pos- 
sibilities of sustaining life naturally opens gateways to 
postulate the presence of similar exomoons in systems apart 
from ours. The presence of such an exomoon might also 
lead to greater probability of finding life across the host 
planet. We do not yet know for sure whether the presence 
of moon across Earth has really boosted the occurrence of 
life or it just happens to be a mere coincidence. Further, a 
Jupiter-like gaseous exoplanet may have moons with solid 
rocky surface for higher forms of life to evolve on. Cur- 
rently with no exomoon detection so far, we are not in an 
undaunted position to make any claims but this does act as 
a big motivation to look for such moons apart from ours. 
The theory of exomoon detection proposes the use of transit 
timing. The current theories of planetary formation mecha- 
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nism are vaguely understood. Our current understanding of 
formation of planets by core accretion model or fragmenta- 
tion of the dust cloud is still dubious. The presence of natural 
satellites across such planets may lead to insights in their 
formation mechanism, stability across the planet and further 
evolution. Although the highlight of the search is looking 
for habitable exomoons, the achievable sensitivities with 
our current instrumentation will not allow us to probe the 
atmosphere of any exomoon. Thus, a mere detection as a 
first step will quench the preliminary hunt for this new class 
of extra-solar objects. 


A systematic search to look for exomoons has begun with 
the planetary candidates found by Kepler. This project is 
termed as Hunt for Exomoons with Kepler (HEK). The 
Transit Time Variation (TTV) and Transit Duration Varia- 
tion (TDV) techniques are used to characterize the orbit of 
exomoons. These techniques along with some other detec- 
tion methods are briefly discussed below. 


Finding Exomoons: 

Direct Imaging: A Jupiter sized planet as seen against Sun at 
a distance of 5 AU will be about a billion times fainter than 
the host star. A satellite being smaller than the host planet 
will be a couple of orders of magnitude further fainter than 
the planet. The Earth Moon distance from 10 pc will give an 
angular separation of 0.25 milliarcsec. The detection of such 
a natural satellite by the imaging method seems unlikely to 
materialise with the current imaging technologies. 


Radial Velocity: The sensitivity of Radial velocity method 
is reaching finer precision which 1s enabling the search for 
Earth-like planets in habitable zones. However, the presence 
of a moon across a planet will reflect only in the amplitude 
of the wobble which is used to detect the mass of the orbit- 
ing body. The presence of a moon can thereby be disguised 
easily by an assumption of a heavier planet against the host 
star. In order to rightfully detect the presence of an exomoon 
around the planet, one will need sufficient light from the 
planet itself to enable radial velocity of the planet to detect 
the presence of a companion to its orbit. This will need 
hours of exposures on telescopes with larger diameters. 
Thus, detection of an exomoon by radial velocity method 
seems challenging within current scenarios. 


Transit Time Effects: 

Transit Time Variation (TTV): For a planet on a nearly 
edge-on orbit around the host star, we expect to observe the 
transit of the star by the planet. If this planet also harbours 
a satellite around it, then the planet will make a wobble 
across the planet-satellite barycenter. This will shift the 
transit occurrences to be periodically earlier and/or later. 
The reflex motion induced on the planet by the exomoon 
will lead to transit time variations of the order of several 
seconds to a few minutes. However, a major hurdle in the 
detection of exomoons by this method is that a variety of 
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other effects like the presence of another planet or star, tidal 
distortions between two interacting bodies could induce 
similar variations in transit. Hence it is difficult to make 
sure whether the variation is caused only by the presence 
of an exomoon. 


Transit Duration Variation (TDV): Since, we expect the 
transit time to alter with the presence of an exomoon, we 
also expect the duration of this transit to change due to the 
change in velocity which is caused by the motion of the 
planet across the planet-satellite barycenter. 


TTV is capable of detecting heavier moons at larger sepa- 
rations whereas TDV is efficient in the detection of closer 
moons. Thus, TDV serves a similar solution like the Radial 
Velocity method which assists photometry for detection 
of exoplanets with the only difference that in TDV we are 
concerned about the tangential velocity and not the radial 
velocity. TDV can be induced by parallax effects. However 
when these signals are combined with TTV signal, it will 
be 90° out of phase from TTV and thereby offer a unique 
exomoon signature. 


Conclusions: 

The nearest possible exoplanet, if confirmed, will be Alpha 
Centauri Bb orbiting Alpha Centauri B, which is one of three 
stars in a triple star system nearest to our Solar system. The 
Kepler mission has identified about 4000 planetary candi- 
dates, several of them being nearly Earth-sized and located 
in the habitable zone. Although, the question of habitability 
and the presence of life is very intriguing and still far from 
any possible solution, at least we are presently in a strong 
position to comment on the statistics of the exoplanets dis- 
covered till date. Every discovered exoplanet serves as a tool 
to characterise the planet formation mechanism, star-planet 
interaction and their further evolution. The presence of gi- 
ant planets around host stars raises questions on planetary 
migrations or capture of the planet in the star’s gravitational 
field. Moreover, with improvement in space based pho- 
tometry missions like KEPLER (HEK), which are able to 
correctly model the transit to an accuracy of few seconds, 
detection of exomoons will not remain a distant dream for 
sure. Hopefully, a study of TTV and TDV together will 
lead to detection of exomoons. This will certainly shed 
more light on the theories of planet and satellite formation 
across stellar systems. Thus, we earthlings must keep on 
anticipating. Little we know, we might stumble upon some 
fascinating ‘Pandora’ of Avatar fame! 
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The Methane Problem on Mars 


Introduction: 

The Martian atmosphere is strongly oxidized, and is domi- 
nated by CO, (~95%). The other constituents are Nitrogen 
(~3%), Argon (~1.6%), Molecular Oxygen (~0.1%), Carbon 
Monoxide (~700 ppm), Water (< 100 ppm), Molecular 
Hydrogen (~10 ppm) and Hydrogen Peroxide (18 ppb) and 
traces of ozone (Pater and Lissauer, 2010). The Martian 
surface however, shows evidence of a rich geological his- 
tory and there have been suggestions that the planet hosted 
habitable conditions during the Noachian age (Villanueva 
et al., 2013). The probable existence of subsurface liquid 
water on Mars indicate that there could be protected habitats 
for microbial organisms, and hence Mars still signify our 
greatest hope to find a subject for exobiology, and searches 
in such lines are still considered very important (Krasnop- 
olsky et al., 2004). Since methanogenesis is a highly likely 
metabolic pathway for microbial life, search for Methane 
(CH,) is always a priority while exploring the red planet. 
However, Methane could be an important tracer of not only 
biological processes but also of internal or atmospheric pro- 
cesses on Mars, the source of which could be biogenic, or 
water/rock reactions in the Martian interior or volcanic hot 
spots or even external sources such as cometary impacts. 


However, so far the search for Martian methane has yielded 
highly contrasting results, making this an interesting, but 
unresolved scientific problem. For instance, the Mars 
Express (MEX) mission revealed about 10 ppb of CH, 
(Formisano et al., 2004). Afterwards, there was a report on 
the observations of a strong release of methane from Mars, 
like ‘plumes’ from discrete regions, and the concentrations 
were as high as about 45-60 ppb (Mumma et al, 2009). 
However, more recent observations from the Mars rover 
‘Curiosity’ were not in parallel to these observations. The 
Tunable Laser Spectrometer (TLS) observations suggested 
that Martian methane could not exceed 1.3 ppb, even if it is 
present (Webster et al., 2013). These observations illustrate 
the puzzling nature of the ‘methane problem’, as discussed 
later. Since methane is an important tracer for possible life 
forms (even past/subterranean), the search for methane had 
always been very exciting. In the context of the Indian Mars 
Orbiter Mission (MOM) (aka Mangalyaan), the interesting 
story of ‘methane problem’ is reviewed in this article. 


The ‘Detections’ of Methane: 

The first detection of Martian methane was announced 
in 1969 at a press conference by the Mariner 7 Infrared 
Spectrometer (IRS) team (Sullivan, 1969). However, the 
IRS team soon discovered that the 3.0 and 3.3 um absorp- 
tions could also be explained by CO, ice. In a subsequent 
mission, the Mariner 9 orbiter detected methane, and they 
reported an upper limit of 20 ppb (Maguire, 1977). Twenty 
years later, Krasnopolsky et al (1997) also indicated a 
possible presence of methane in the Martian atmosphere, 
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Figure 1: Spatio-temporal variability of Mars CH , Latitudinal 
profiles of CH ,mixing ratios for different longitudes and seasons 


are shown (Mumma et al, 2009) 


using a Fourier Transform Spectrometer at the Kitt Peak 
National Observatory. Similarly, ground based observations 
by Lellouch et al (2000) gave an upper limit of 50 ppb, for 
Martian methane. Just before the observations from Mars 
Express, the ground based Fourier Transform Spectrometer 
at the Canada-France-Hawaii telescope observed the spec- 
trum of Mars at the P-branch of the strongest CH, band at 
3.3 um, and detected an absorption by Martian methane, 
and estimated a mixing ratio of 10+3 ppb (Krasnopolsky 
et al., 2004). They estimated the photochemical lifetime of 
CH, in the Martian atmosphere as 2.2 x 10 5 cm’s", which 
correspond to a life time of 340 years. Based on this, they 
postulated that the methane should be uniformly mixed in 
the Martian atmosphere. They conjectured that the metha- 
nogenesis by living subterranean organisms is a plausible 
source for the observed methane concentrations. 


The first space-based detection of methane in the Martian 
atmosphere after the early detection by Mariner 9 was by 
the Planetary Fourier Transform Spectrometer on board 
the Mars Express Spacecraft (Formisano et al., 2004). The 
spectrometer looked for the band centered at 3018 cm", 
which is the strongest fundamental band of methane. The 
comparison of observations from many orbits also suggested 
that there could be variations in the methane mixing ratios, 
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which could be either spatial, temporal or both. 
It was also suggested that the source of methane 
need not be current. If microorganisms existed on 
Mars in the past, during its (possible) warm and 
wet phase, they might have produced methane, 
which might have been stored as hydrates and re- 
leased later (Formisano et al., 2004). However, the 
comparison of the CH, source strength at Mars (4 
gs’') with that on Earth (1.67 x 107 gs"') indicated 
that if methane on Mars is biogenic, the microbe 
population must be really minuscule (Formisano 
et al., 2004). Hence, Formisano et al (2004) con- 
cluded that the detection does not imply present/ 
past life on Mars, and non-biogenic sources are 
equally plausible. 


Mumma et al (2009) reported an event of a strong 
release of methane on Mars, based on ground 
based observations using infrared spectrometers 
at three telescopes. They had observations near 
the northern summer in 2003 and near the spring 
in 2006. They found that the mean abundance was 
low in the spring of 2006 compared to the sum- 
mer of 2003. In some of these observations, the 
peak mixing ratios were as high as 40 ppb, and 
showed significant spatio-temporal variability 
(Figure 1). Based on this, they also suggested that 
the lifetime for CH, is much shorter than the time 
scale estimated for photochemical destruction. 
Hence, processes those are much more efficient 
than photochemistry must dominate removal of 
atmospheric CH, on Mars, a plausible candidate being 
heterogeneous (gas-grain) chemistry. They also suggested 
that the presence of peroxides (such as H,O,) and perchlo- 
rates (...C1O,,) in the soil might provide an efficient sink for 
Martian CH, (Mumma et al., 2009). 


60 


Afterwards, Krasnopolsky (2012) reported observations 
during February 2006, at L, = 10° and 63-93° W show 
~10 ppb of methane at 45° S to 7° N (covers the deepest 
canyon Valles Marineris) and ~3 ppb outside this region. 
Their observations in December 2009 also did not reveal 
any methane (with an upper limit of ~8 ppb). These observa- 
tions were over L, = 20° and 0-30° W region. The results 
of both seasons agreed qualitatively with the observations 
by Mumma et al (2009). 


The ‘Non- Detections’ of Methane: 

More recently, there have been some contrasting reports 
on the upper limits of the Martian methane abundances. 
For instance, Villanueva et al (2012) reported the results 
of an extensive search for organics including methane, 
using ground based IR spectra. They collected ~86,000 
spectra in 2006 and ~400,000 spectra during 2009-2010 
periods, and obtained the global averages. In January 2006, 
they had observed the same region that was observed by 
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Krasnopolsky (2012), in February 2006. However, in con- 
trast to the report by Krasnopolsky (2012), Villanueva et 
al (2012) did not find any methane in the same region. The 
observations were done just before 27 days of that by Kras- 
nopolsky. Hence, this ‘no-detection’ was rather puzzling, 
because if Krasnopolsky (2012) is correct, the minimum 
outgassing rate required would be 2 kg s"', which is quite 
extra ordinary. This comprehensive analysis further showed 
absence of methane during vernal equinox and northern 
spring seasons as well (Villanueva et al., 2012). They also 
did not detect any oxidation products like CH,-OH, H,CO 
and related organics like C,H,, C,H, and C,H,. This further 
strengthened the possibility that even if methane is released 
into the Martian atmosphere that would probably be highly 
sporadic in nature. The plume results (Mumma et al., 2009) 
were also questioned because of a possible misinterpretation 
from methane lines with those of terrestrial isotopic '°CH, 
lines (Zahnle et al., 2011). 


The recent in-situ measurements made with the Tunable 
Laser Spectrometer (TLS), of the Sample Analysis at Mars 
suite on Curiosity rover (Webster et al., 2013), also did not 
detect CH, in the Martian atmosphere. The observations 
were confined to the Gale Crater. The TLS has a spectral 
resolution of 0.0002 cm ', which can unambiguously iden- 
tify methane in the spectral pattern of three well-resolved 
adjacent lines in the 3.3 um band. Their measurements 
corresponded to southern spring and summer on Mars. The 
mean concentration from the individual measurements was 
only 0.18+0.67 ppbv, and even the upper limit was only 1.3 
ppbv (95% confidence level). This diminished the possibil- 
ity of subterranean microbial activity on Mars, and limited 
the contributions to non-biogenic sources. However, it may 
be remembered that the just one finding from Gale crater 
cannot rule out the presence of methane elsewhere on Mars, 
as the previous observations themselves show high spatial 
and temporal variations for the methane concentrations. 
Moreover, the TLS on the rover samples only the very low- 
est part (~1 m) of the Mars atmosphere whereas the previous 
observations are vertical column-integrated results. It may 
also be noted that Curiosity’s low upper limit was rather 
unexpected because observations of large methane plumes 
were only a few years ago and calculations on the plume 
dispersion indicate that if the plumes were present, they 
should yield global values of ~6 ppbv after the 6-month 
period (Krasnopolsky et al., 2004), due to uniform mixing 
and the photochemical lifetime of several hundred years. 
Hence, this may be again indicating that other sinks must 
dominate the removal of methane on Mars. It must also 
be remembered that the sinks do not offer a permanent 
removal mechanism for methane. If favorable conditions 
are encountered, the methane can be released again to the 
atmosphere. However, right now we do not have sufficient 
understanding on such processes and their timescales. 
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Sinks for Methane: 


The relatively long lifetime of CH, (Krasnopolsky et al., 
2004) implies that the CH, distribution is expected to be 
uniform over the planet once a steady state is reached. 
In other words, the variations as reported would require 
methane lifetime to be weeks/months and/or both a very 
strong source/sink to be present. The estimates of the CH, 
lifetime are sufficiently larger (Krasnopolsky et al., 2004), 
and hence the observed non-uniform distributions of CH, 
may be attributed to the presence of much localized strong 
sources/sinks. The very short methane lifetime of 0.4 to 4 
years as indicated by the observations requires powerful 
destruction mechanisms that have not been identified to 
date. Although models for the rapid removal of methane 
based on oxidants, electric fields generated in dust devils etc 
have been proposed, so far there has been no observational 
evidence. Besides, none of these processes can reduce the 
lifetime of methane by the required factor to explain the 
observations. 


In this context, a very recent laboratory experiment by 
Jensen et al (2014) showed an interesting possibility of the 
destruction of methane, which may be helpful in explaining 
the observed degree of variations of Martian methane. They 
actually performed tumbling experiments, which mimic the 
wind-driven erosion of surface material (Fig. 2). They used 
'8C enriched methane (to felicitate NMR analysis) along 
with commercially available quartz. The analysis showed 
that mediated by wind, the methane reacts with the eroded 
surface to form covalent Si-CH, bonds, which can stay 
intact even at high temperatures. Chemical analyses of the 
Martian regolith (Gellert et al., 2004) showed the presence 
of olivine, pyroxene etc, for which (SiO),Si-O-Si(OSi), 
linkages are dominant chemical entities. 


(Si0),Si-O—Si(OSi), + CH4 — (SiO),Si-CH3 + HO—Si(OSi), 


(SiO),Si-OH + CHy — (SiO),Si—CH; + H,0 


This can act as a sink for methane, as: 

This appears to be one of the viable explanations for the 
presence of strong sinks and for the observed spatial varia- 
tions. However, more theoretical calculations are needed 
to quantify the removal of methane by this mechanism, 
to see whether the mechanism can explain the observed 
intermittent nature of Martian methane. Apart from this, 
laboratory experiments using fluidized beds may also be 
useful to simulate such conditions (B. Sivaraman, Personal 
Communication). 


Summary and Concluding Remarks: 

The search for methane had been a top priority topic in 
the space based as well as ground based investigations of 
the Martian atmosphere; primarily because of our inter- 
est to find out whether habitable conditions existed/still 
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é Tumbling axis 


20cm 


Figure 2: Schematic drawing of the tumbling apparatus. The flask contains about 10 g of SiO, 
grains. The gas in the flask is 13C-enriched CH, at a pressure of approximately 600 mbar. 
The tumbling rate is 30 RPM (Jensen et al., 2014) 


exist in the subterranean levels of the red planet. However, 
the observations have been really contradicting. Possible 
presence of methane has been conjectured based on limited 
observations, many of them being ground based observa- 
tions. These ground based observations are always in the 
shadows of uncertainty because of the presence of telluric 
methane. Space based observations are also contradicting 
—for instance the Mars Express Spacecraft observations 
detected Methane (Formisano et al., 2004) whereas the 
Curiosity rover did not detect any appreciable quantity of 
Martian methane (Webster et al., 2013). These observations 
were limited to localized regions, and hence, the presence/ 
absence of methane on Mars and its unambiguous detection 
(if present), still remain a puzzle. In other words, whether 
such emission is sporadic and/or localized in nature as 
well as the plausible source(s) are yet to be established. 
The contrasting observations may suggest that the methane 
emissions could be highly episodic and localized in nature, 
and hence there could be very strong sinks. 


The Mars Orbiter Mission (MOM) has a methane sensor, 
based on Fabry-Perot etalon, which can measure the CH, at 
several ppb levels (Goswami et al, 2013). Detailed measure- 
ments of methane levels in the atmosphere over long periods 
from an orbiting platform would definitely answer some of 
the pertinent questions regarding the Martian methane. 
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Laser-induced Time-Resolved Raman and Fluo- 


rescence Spectrograph as Remote Sensors for 
Planetary Exploration 


Introduction: 

There is currently great interest in remote detection of plan- 
etary surface minerals for NASA’s exploration programs, 
particularly as applied to Mars and Venus. The discovery 
of secondary alteration minerals in Martian meteorites, and 
evidence of hydrothermal alteration minerals on the Martian 
surface by the Mars Exploration Rovers and the Mars Ex- 
press orbiter have focused attention on two groups of miner- 
als in particular, the hydrous sulfates and phyllosilicates. To 
date, reflectance spectroscopy at various wavelengths has 
been the primary remote technique for identifying miner- 
als. However, hydrous sulfates present broad reflectance 
spectral features, thus hindering the ability to distinguish 
the types of sulfates identified on Mars. 


The ChemCam instrument on Mars Science Laboratory’s 
Curiosity rover is the first remote sensing active spectros- 
copy instrument to operate on any other planet and is an 
integral to the scientific mission of the rover. ChemCam 
is the integration of a remote Laser-Induced Breakdown 
Spectroscopy (LIBS) instrument capable of interrogat- 
ing samples up to 7 m from the rover mast and a Remote 
Micro-Imager (RMI) that records high resolution context 
images (Maurice et al., 2012; Wiens et al., 2012). The 
LIBS instrument is providing detailed information about 
the compositions of Martian rocks; it is, however, difficult 
to determine precisely the mineralogy from these LIBS 
data alone especially of the mineral polymorphs. Raman 
spectroscopy, on the other hand, produces distinct spectral 
peaks for different hydration states and different cations 
(e. g., Mg, Ca, Fe), and can assist in positively identifying 
the various types of minerals present. Raman spectra reflect 
the inherent structure of materials, allowing for solid poly- 
morphs, which have unique low-frequency lattice modes, 
to be distinguished. For example, one can easily distinguish 
between the calcite, aragonite and vaterite polymorphs of 
CaCO,, as well as various polymorphs of SiO, and silica 
glass from their respective Raman spectra (e.g., Sharma 
et al., 1981; Sharma, 1989; Gauldie et al., 1998). In the 
detection of organic compounds, Raman spectroscopy can 
distinguish among a wide variety of aliphatic, aromatic 
and polyaromatic hydrocarbons and different groups of 
bio-organic molecules such as lipids, amino acids, nucleic 
acids, and pigments (e. g., Wynn-Williams el al., 2002). 
Raman spectroscopy has been used successfully to investi- 
gate spectra of minerals at high temperatures and pressures, 
and has been demonstrated in the laboratory for detecting 
minerals under high P and T conditions relevant to Venus 
exploration (Sharma et al., 2010a). 
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Figure 1: Photograph of the PCG Raman and LINF system with a 7.6-cm diameter mirror (ML) 
camera lens as collection optics and compact spectrograph with custom mini-ICCD camera 
(m-ICCD). Schematic diagram of the spectrometer is shown on the left with parts labeled (see text) 


Most biogenic and organic materials give strong fluores- 
cence signals when excited with UV and visible lasers (e. 
g., Storrie-Lombardi, 2009; Sharma et al., 2006). Planetary 
minerals and rocks containing transition metal and rare- 
earth ions when excited with UV and visible lasers produce 
fluorescence spectra that in some cases overlap with the 
fluorescence spectra of biogenic and organic compounds. 
However, the fluorescence decay time or lifetime of bio- 
genic and organic compounds is much shorter (<1 to 100 ns) 
than the pts to ms fluorescence decay time of the transition 
metal ions and rare-earth ions in minerals and rocks. The 
fluorescence lifetime of a fluoroprobe in a protein or nucleic 
acid is highly dependent upon its local environment and 
can vary from a few picoseconds to tens of nanoseconds. 
Time-Resolved (TR) Laser-Induced Native Fluorescence 
(LINF) spectroscopy could exploit the short fluorescence 
lifetime of biological and organic materials to identify these 
materials on planetary surfaces. 


In the modern spectrographs, an important component is the 
dispersing element. In the past two decades, the technology 
of Volume Phase Holographic gratings (VPHGs) has been 
widely exploited in the field of Raman spectroscopy for 
instrumentation that works both in the visible and in the near 
infrared (Arns, 1995; Arns et al. 1999). The reasons of such 
interests are the very large diffraction efficiency even at very 
high dispersion and the ease of customization (each VPHG 
is a master grating). In VPHGs the diffraction of light occurs 
due to a periodic modulation of the refractive index in the 
volume of an active material such as DiChromated Gelatin 
(DCG) (e.g., Arns, 1995). These holographic gratings have 
found applications in Raman instrumentations (Arns; 1995, 
Owen, 2007) and in telecom field (Arns et al., 1999), and 
have been instrumental in developing efficient and compact 
Raman spectrographs for planetary applications (e.g., Wang 
et al., 2003; Sharma et al., 2010b). 


The University of Hawaii has been developing a small and 
portable remote Raman and LINF spectrograph systems for 


planetary explorations under a NASA funded Mars Instru- 
ment Development Program (MIDP). A portable remote 
Raman instrument previously developed at the University 
of Hawaii, utilized a 125-mm diameter telescope to detect 
water, ice, water bearing minerals, carbon in various car- 
bonates from a distance of 10 to 50 m under bright day 
conditions with short integration time (Sharma et al., 2002; 
Sharma, 2007). Recently, we significantly reduced the size 
of our remote Raman and fluorescence system in order to 
develop a combined TR remote Raman and fluorescence 
system suitable for future space missions with 532 nm laser 
excitation. The compact Raman and fluorescence system 
utilizes a mirror lens collecting optics (Nikkor, 500 mm 
at F/8) as collection optics in place of 125 mm diameter 
telescope used in previous studies (Sharma et al., 2002; 
Sharma, 2007). 


This article describes the combined TR Raman-LINF spec- 
trograph and its performance with 532 nm laser excitation. 
The Raman-LINF spectrograph along with LIBS will be 
a part of the SuperCam instrument recently selected for 
NASA’s Mars 2020 Rover Mission (NASA Mars 2020 
Mission, 2014). The SuperCam instrument suite is led by 
Roger S. Weins of Los Alamos National Laboratory and 
will include Raman and LINF spectrometers along with the 
remote LIBS sensor currently on the Curiosity Rover. 


Time-Resolved Raman and LINF Spectrographs: 

Fig. 1 shows the photograph of a combined Planetary 
Compact Gatable (PCG) Raman and LINF spectrograph 
used with a 532 nm laser source. The remote Raman and 
fluorescence system uses a small Raman spectrograph with 
dimension 10 cm (length) x 8.2 cm (width) x 5.2 cm (high). 
The spectrograph was constructed using a custom volume 
holographic HoloPlex grating (Owen, 2007) from Kaiser 
Optical System Inc. (Ann Arbor, MI, USA). The spectro- 
graph is equipped with a custom gatable thermo-electrically 
cooled mini-Intensified Charge Coupled Device (mini- 
ICCD) camera. Spectral coverage is from 90 to 4520cm"; 
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Figure 2: Remote Raman spectra of hydrous sulfate miner- 
als from a distance of 50 m with 10 to 30 s integration time. 
All spectra measured with 532 nm laser operating at 20 Hz, 
30 mJ/pulse, with 50 ns gate width of the ICCD detector 


Stokes-Raman shifted from 532 nm laser excitation, and has 
LINF spectral range of 534-700 nm. The F/2 spectrometer 
is schematically shown to the left of the photograph in 
Fig.1. There are two lenses (I and III) and two stacked of 
VPH transmission gratings (Kaiser HoloPlex VPH grating) 
(II). The VPH gratings are the inside the two quartz plates, 
only angled differently to produce two images on m-ICCD 
camera with different spectral ranges When light from the 
target passes into the system through the slit and is col- 
limated by the first lens (1), the light is split by the grating 
into two halves (top and bottom) as well as into its spectral 
components along the x axis and turned 90°. The second 
lens focuses the collimated dispersed light onto the mini- 
ICCD (IV). The mini-ICCD has a CCD chip 1392x1040 
pixels with pixel size 6.45 um?. The major advantages of 
this spectrometer include its small size, the small number 
of optical components yielding the greatest throughput of 
signal, and direct coupling allowing for the preservation 
of the vertical image orientation from the target. With 50 
uum slit the resolution of the spectrograph is ~15 cm’! (0.43 
nm) in the 100-2400 cm! and ~13 cm! (0.37 nm) in 2400- 
4500 cm' region. 


TR Raman and LINF measurements with the PCG Ra- 
man Spectrograph: 

The fingerprint Raman bands of these minerals are marked 
on the spectra (Fig. 2). With increasing degree of hydra- 
tion the symmetric stretching mode of sulfate (v,(SO,”)) 
shifts towards lower frequency because of strengthening of 
hydrogen bonding between SO,” ions and H,O molecules 
in the mineral. The shift in the position of the v,(SO,”) in 
the spectrum of melantrite to 977 cm"! compared to the cor- 
responding band of epsomite at 985 cm" indicate the effect 
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of cations on the position of this band as both minerals have 
same degree of hydration. 


Fig. 3 shows the time-resolved Raman and LINF spectra of 
the colonized hypolith surfaces excited with 532 nm laser at 
9m. The spectrum of white top surface of the colonized rock 
(Fig. 3 (a) lower trace) contains the Raman fingerprints of 
dolomite at 177, 300, 725, and 1098 cm” and the colonized 
green surface has additional Raman lines at 1004, 1156 
and 1512 cm that are fingerprints of carotenoids (Fig. 3 
a upper trace) (e.g., Sharma, 2007). In Fig. 3 (b) the upper 
trace shows short-lived strong fluorescence bands centered 
at ~652 nm with a weak shoulder at ~688 nm. The 688 nm 
band is characteristic of chlorophyll-a pigment (e.g., Sharma 
2007), and the ~652 nm band indicates presence of another 
phytopigment phycocyanin (French, and Young, 1952) in 
the colonized hypolith. 
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Figure 3: Combined stand-off TR Raman and LINF spectra 
of colonized hypolith from Silver Lake, CA. Laser 532 nm, 
24 mJ/pulse, gate 50 ns, slit 100 um; integration time 10s 
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Silicate minerals in general have lower Raman efficiencies 
as compared with sulfate and carbonates (Stopar et al., 
2004). Fig. 4 shows the observed remote Raman spectra of 
olivine (Mg,Fe),SiO, from distances of 20 and 50 m and 
with 30 s integration time. The fingerprint Raman doublets 
of olivine at 821 and 853 cm” are clearly distinguishable 
over the fluorescence background. The olivine Raman 
doublet originates from the stretching modes of Si-O bonds 
of tetrahedral silicate involving non-bridging oxygen. Al- 
though it is possible to detect olivine from a long range, the 
darker color minerals and basaltic rocks could be investi- 
gated at closer range of few meters (Sharma et al., 2010b). 
At short range, the collection angle of the compact remote 
Raman system significantly increases in comparison to 50 
m range and gives the possibility of getting good quality 
remote Raman spectra of dark minerals. 


Conclusion: 

The time-resolved Raman and fluorescence data presented 
here show the remote detection capability of the TR-PCG 
Raman and fluorescence spectrometer. The TR-PCG 
Raman-LINF spectrometer can detect from Raman finger- 
prints hydrated sulfate minerals, olivine, hypolith substrate 
minerals and biomarker such as carotenes. The presence 
of other phytopigments in hypolith is indicated from their 
time-resolved LINF signatures. The TR-PCG Raman-LINF 
spectrograph would be attractive analytical probes for future 
mission to Mars, Venus, Europa and Titan, where these 
could easily provide a rapid analysis of surface minerals, 
biological and organic materials if present. 
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MISSION STORY - LADEE 


One of the poorly understood concepts about the Moon 
is the lunar dust and its movement. The surface of the 
Moon is found to be covered with a fine dust which gets 
electrically charged during daytime and lifts into the 
lunar atmosphere. Exact cause (either due to Na or dust) 
responsible for lunar horizon glow observed by Apollo 
astronauts remains still a puzzle. NASA's LADEE, Lunar 


~ Be 
LADEE and its instruments 
(Source: NASA LADEE) 


Atmosphere and Dust Environment Explorer mission is 
meant to shed some light on these aspectsby carrying out 
a detailed study about the lunar exosphere and dust in the 
Moon's vicinity. This will help scientists in understand- 


ing about the potential influences of the near surface and 
its environment on the lunar dust. These characteristics 
were not well-known earlier and therefore LADEE helps 
us to obtain an in-depth understanding of these external 
forces on the lunar dust environment. Knowledge from 
this study can be further extending in uderstatnding similar 
phenomenon on other airless bodies. LADEE also acted as 
a platform for a technology demostration of a new era of 
space communications by demonstrating the laser commu- 
nications technology to achieve faster communication. 


Spacecraft and Launch: 

LADEE was launched by U.S. Air Force-provided 
Minotaur V vehicle from Mid-Atlantic Regional * 
Spaceport, at NASA's Wallops Flight Facility 

on Sep. 6, 2013. Finally, the mission ended on © 
Apr. 18, 2014, when the spacecraft's controllers ~~ 
intentionally crashed LADEE into the far side of 
the Moon. 


Mission Objectives: 

Some of the major science goals of LADEE in- 
cludes 1) determination of the global density, com- 
position, and time variability of the tenuous lunar 
exosphere before it is disturbed by further human 
activity; 2) to solve the long standing mystery 
of “origin of the diffuse emission of 10s of kms 
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above the surface of the Moon was either due to sodium 
glow or dust?” 3) Characterisation of lunar exospheric 
dust environment and its variability, and 4) documenta- 
tion of the dust impactor environment (size, frequency) to 
help design engineering future robotic missions and lunar 
outpost constructions. 


Payloads: 
LADEE carried four payloads three for science and one 
for communication technology demonstration 


Scientific Instruments:- 

Ultraviolet and Visible Light Spectrometer (UVS): 

UVS will determine the composition of the lunar atmo- 
sphere. It will analyze the light signatures of the encoun- 
tered materials. 


Neutral Mass Spectrometer (NMS): 

NMS is aimed at measuring the variations in the lunar 
atmosphere during multiple lunar orbits with Moon ex- 
periencing different space environments. 


Lunar Dust Experiment (LDEX): 

LDEX will collect and analyze samples of any lunar dust 
particles in the tenuous atmosphere. These measurements 
will help scientists address a longstanding mystery of pre- 
sunrise horizon glow witnessed by the Apollo astronauts 
which will help in understanding whether the electrically 
charged lunar dust by solar ultraviolet light is responsible 
for the horizon glow observed during Apollo. 


Technology Demonstration: 

Lunar Laser Communications Demonstration (LLCD): 
LLCD is NASA's first high-rate, two-way, space laser 
communication demonstration. It tests the use of lasers 
instead of radio waves to achieve broadband speeds to 
communicate with Earth. 


a = 
Scientific instruments onboard LADEE 
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ISRO marks a historical achievement by its suc- 
cessful debut inter planetary mission 

India is the first country to mark the success on its maiden 
attempt in reaching the red planet, Mars. ISRO’s MOM 
Spacecraft with its five scientific payloads launched on 
Nov. 5, 2013 has reached Mars on Sep. 24, 2014. Series of 
successful trajectory corrections and orbital manoeuvres 
followed the successful launch.The Mission team suc- 
cessfully injected the spacecraft in its designated Martian 
orbit. MCC onboard MOM has started sending images of 
Mars back to the Earth. 


First time ever in the history a Spacecraft rendez- 
voused the Comet 

ESA’s Spacecraft Rosetta after a decade long cruise 
successfully rendezvoused the comet 67P/Churyumov- 
Gerasimenko on Aug. 6, 2014. After ten successful Tra- 
jectory Correction Manoeuvres (TCM) between May and 
1“ week of Aug. 2014, the mission team decreased the 
velocity of the spacecraft from 775m/s to 1m/s with respect 
to the comet. Any failure in those corrections would have 
resulted in losing the comet. All 11 scientific payloads 
of the Orbiter and 10 Lander instruments are active and 
performing well. Now the spacecraft is orbiting at ~100 
km from the comet. 


NASA’s Spacecraft MAVEN successfully reaches 
Mars 

An orbiter of NASA’s Mars exploration programme, 
MAVEN to probe the Martian upper atmosphere has suc- 
cessfully reached Mars on Sep. 22, 2014 thus joining the 
constellation of present NASA orbiters MRO and Mars 
odyssey. MAVEN took 11 years of development to reach 
Mars from its original proof of concept. After Successful 
orbital insertion, MAVEN will perform science activities 
for one earth year following a commissioning phase for 
six weeks which includes orbital corrections to reach 
final science orbit, testing of science instruments and 
calibrations. 


Memory reformatted for Opportunity Rover 
NASA’s Mars exploration rover Opportunity started reset- 
ting automatically thereby disturbing the planned science 
activities. It generally takes a couple of days for the team to 
resolve this issue. Since, the frequency of reset was found 
to be too high, the mission team planned to reformat the 
onboard flash memory. This sort of operation has been 
carried out for the first time on this rover. However, similar 
operation was done for six times on Spirit. Opportunity 
landed on Mars in 2004, for a primary mission time of 
3 months, but it is still active and delivering productive 
science output. 
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Curiosity celebrated 2"' Anniversary on Mars 
Mars Science Laboratory — Curiosity rover of NASA’s 
Mars exploration programme completed its 2™ year 
since its landing on Mars. It has delivered most of its 
objectives in the first year itself. In the second year, it 
was on a long cruise to reach its prime destination and 
performed science activities on its way. The Mission 
team has experienced few issues with wheels of rover 
and diverted the rover in a smooth terrain. All instruments 
onboard rover are active. 


Orbiters at Mars are setting up to unleash the 
secrets behind comet pass by through Mars 
Onboard instruments of ISRO’s MOM and NASA’s three 
Mars orbiters - MRO, Mars Odyssey and MAVEN are 
setting up to study the science opportunities of Comet 
C/2013 Al Siding Spring, close flyby of Mars. The 
engineering teams are prepared to turn the spacecrafts 
opposite to the Red planet during comet flyby. Individual 
teams are planning for necessary trajectory corrections 
to capture the unique opportunity. 


Curiosity reached its prime time destination 
‘Mount Sharp’ 
After a long drive followed by historical landing, Curi- 


osity reached the Martian mountain - Mount Sharp. It 
will begin the exploration of mountain samples from its 
lower slopes called Pahrump Hills. It has reached far- 
ther south to the base of Mountain Sharp than planned 
earlier in the mission due to the wear and tear of rover 
wheels. Now, the mission team has decided to change 
the operation style from priority of driving to the priority 
of investigating. 


New Horizons Spacecraft snapped a view of the 
Neptune and its Moon 

NASA’s New Horizons spacecraft captured a view of the 
Neptune and its moon Triton on its historic journey to 
the Pluto. It is the second spacecraft to capture the least 
explored planet, whereas Voyager-2 was the first. Now 
the spacecraft is at 2.7 billion miles from the earth and 
it will encounter Pluto in Jul. 2015. 


Chinese YUTU rover is still active and about 
to create history in terms of survival on Lunar 
surface 

Chang’E-3’s rover YUTU becomes active again on tenth 
Lunar day. It has already spent nine earth months on the 
lunar surface, Lunokhod-1 has spent 10 months, which is 
the most survived rover ever on the Moon. But the mis- 
sion could not resolve the mechanical issue which made 
rover immobile. All the instruments onboard rover are 
reported to be active, but looking at the same place. 
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“MARS ORBITER MISSION - DATA AN LYSIS & SCIENCE ria 


To ensure our preparedness for utilization of the data acquired Sr 
by spacecraft, test what we know and assess what else we want 

to know, and to build scientific groups from those who are 

already working on Mars related aspects or wish to work in 

future, PLANEX has conducted a two-day workshop at PRL, 
Ahmedabad on "MOM-Data Analysis and Science Plans". 

The workshop was organized during Aug. 20-21, 2014. In the 

workshop, nearly 100 participants comprising Mars science 
practitioners, experts, academicians, students, engineers, and 

respective Principal Investigators (PIs) of MOM onboard pay- 

loads congregated. The proceedings included dissemination | 

of scientific ideas and preliminary results of working groups, 
clarification over new thoughts or techniques, and discussing 

upon future aspects that are essential for conducting scientific research using data generated from MOM. 


mg Lhe participation in this workshop was only on the invitation sent by Prof. S.V.S. Murty, Co- 
_ ordinator, PLANEX. Considering the importance of such a type of workshop and the demand 

for fulfilling the workshop objectives, nearly all the interested science practitioners were invited 

| for participating. The workshop has started with the welcome address by Prof. S.V.S. Murty. 

| He straightaway mentioned about the importance of this workshop and appreciated that the 

| difference in readiness could be well observed from this two-fold increase in the number of 

participants compared to the first workshop. He expressed his happiness on smooth approach 

of MOM towards Mars and emphasized on making out the best from the lifetime opportunity 

of a close encounter of a comet with Mars. He urged to figure out plans for measuring the 

expected contamination this comet encounter may cause into the Martian atmosphere. 


Following this, Prof. J.N. Goswami, Director, PRL delivered his opening remarks wherein Li i ld aa 
he advised the young participants to hunt for more focused scientific problems in this field i! 

of planetary science. He gave his opinion over collaborating with the MAVEN science team WL 

in future, as this he pointed out as the key behind good learning, execution, and outcome. 

Prof. Goswami also appreciated the amount of good effort that has been put behind by every 
scientist/engineer in the quick launch of MOM. Lastly, he concluded while urging the par- | ~~ 

ticipants to become Martians and let the world remember us. 


In the introductory remarks Dr. S. Seetha, PD, SSPO, has expressed her pride over the 
capabilities of ISRO in making the MOM launch possible within the allotted timeframe 
and advised the participants to move a step ahead while thinking over scientific proposals 
and instruments for planning the next MOM-2. Subsequent to her introductory remarks, 
the inaugural session concluded with a presentation by Prof. S.V.S. Murty (on behalf of 
Dr. Kesava Raju) on the plans of ISRO for MOM's initial observations. He gave a brief 
overview of the MOM orbital parameters and mentioned that in addition to observation of 
Mars, its two satellites- Phobos and Deimos have been also kept under consideration for 
probable observation based on the opportunity. 


The first session of the workshop included presentations on observational plans for achieving scientific goals, calibration, 
and data analysis tools by the members from respective payload teams. The PI of the Methane Senor for Mars-MSM 
gave a brief detail on the operating principle, challenges, and observation strategies, which included the plans for test- 
ing any possible changes in the level of atmospheric methane on encounter of comet with Mars. The PI of Mars Color 
Camera-MCC subsequently presented the details of scientific goals planned to be achieved by the images acquired 
by the camera. He has mentioned that the in-house and cruise validation of the payload has been successfully carried 
out. The presentation by Thermal Infrared Sensor-TIS PI and team was on the similar lines wherein they also started 
with giving a brief detail on the imaging principles, performance, challenges, and characterisation of the instrument. 
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The images captured by TIS instrument after insertion into 
Earth orbit was displayed during the presentation. The | 
Lyman Alpha Photometer-LAP team initially presented 

the key objectives planned to be achieved during the orbit 

of MOM spacecraft around Mars. Subsequently, a brief 
detail on the operational modes, calibration methods, 
processing of datasets, schemes for estimating D/H ratio, 
and development of numerical models/algorithms was 
presented. Presentations on Mars Exospheric Neutral 
Composition Analyser-MENCA started with emphasiz- 

ing over the need and importance of launch for such an 
instrument during the period of moderately high solar 
activity. Further, the details on the composition of neu- 
trals in the Martian atmosphere, calibration procedures, 
and the capabilities of the instrument were presented in 
brief. In addition, the MENCA team also presented the ™= 
observation strategies and science plans on pre/post comet flyby of Mars. 


Following the presentations by teams of respective payloads, 
Mars scientists displayed posters comprising results produced 
by combining datasets acquired from the ongoing and past 
missions for discussion. This session ensued lively discus- 
sions over some of the debated topics in Martian research. For 
instance, one of the hottest topics of these days, formation of 
gullies on Mars, together with terrestrial morphologists was 
explored in this session. Fresh methods that could be used to 
enhance our understanding on Martian surface composition 
and results from recent analyses of some of the mineralogi- 
cally diverse suites on Mars using VIS/NIR/TIR datasets were 
displayed for in-depth discussion. In addition to morphological 
analysis of chaotic and fretted terrains of Mars, an attempt in 
which merging of surface morphological information from visible datasets could be merged with subsurface infor- 
mation by a microwave radar was displayed as poster for discussing on feasibility of such techniques. Overall, this 
session could provide a glimpse of some of those important domains of Mars science where a detailed analysis is yet 
to be performed. 


One of the important sessions was on discussing about the handling, 

processing, and dissemination of datasets acquired by MOM space- 

craft. This session was essential as a good level of preparedness in 

this component leads to immediate utilization of the datasets and 

production of meaningful results. Broadly, the presentations made 

in this session focused on generation of data products, building | 

up of archive, and availability of tools for data analysis. Speakers | 

discussed with the participants over the problems that occur in 

processing of datasets while bringing it to the level of analysis and exploration. 


An interesting session on discussing over the various science opportunities 
that could be availed by the Comet-Mars encounter going to take place 
while MOM will be already in Martian orbit was next to follow. The details 
of the MOM orbit during the days of Mars-comet encounter, the perturba- 
tions caused to Mars atmosphere due to this encounter, and our preparations 
for performing the ground based telescopic observation of this once in a 
lifetime opportunity was discussed during this session. In that attempt to 
carry out ground based telescopic observations, a team from Astronomy and 
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CTE division of PRL has shown their active participation in 
taking the responsibility and carrying out this activity. Several issues | 
related to precise time of encounter, interactions with coma or tail, | 
science opportunities planned under this hood, and potential of those 
science plans were discussed in a detailed manner. 


The second day of the workshop started with presentations by col- 
laborating scientists willing to utilize datasets acquired by MOM 
spacecraft for understanding some of the important physical and geo- 
logical processes. Broadly, presentations were focused on deciphering 
the morphological, mineralogical, and structural make-up of some of |! 
the potential geologic sites on Mars and analyzing their evolutionary 
history. Attempts made for relating the relatively moderate resolution 
optical datasets acquired by the spacecraft with those acquired at a } 
relatively better resolution in previous missions were presented. A 
concise summary on potential of a site in southern portion of India as 

a possible analogue to understand geological evolution and charac- 
teristics of Mars was presented in this session. 


In order to enhance our capabilities and preparations for sending spacecrafts in future to Mars, and to bring out ideas 
on development of instruments and potential science goals that 
are yet to be framed, a session on planning of MOM-2 was 
conducted before the concluding session of the workshop. This 
session had included presentations on some of the new topics 
such as (1) sending shallow radar for search of near surface ice, 
(2) an improved gamma ray spectrometer for global chemical 


mapping and radon emanation studies, (3) understanding of 
atmospheric processes (including dust, aerosols, and trace 
gases), (4) survey and identification of geologically potential 
sites using VIS/TIR datasets, and (5) exploration of Martian 
exosphere using an X-ray spectrometer. Such a session that 
provided ideas on some of these major aspects of Mars ex- 
ploration has invoked interests in many participants to come 
up with several other interesting ideas and proposals that are 
essential for enhancing our current state of understanding. 


In the concluding sessions, Dr. S. Seetha, PD, SSPO inquired a the PIs about their Benin on staring of datasets for 
collaborations with the participants as well as with "i ] ; 
other interested science practitioners. Each of the PIs 

had given their opinions on this major aspect of data 

sharing policies and it was decided by some of the 

PIs to initiate collaboration and invite many more 

proposals for further consideration about sharing of 

datasets and working together under one hood. The 

PIs have come forward and shown their interest in 

putting up manuscripts/articles on technical details [Ry 

of the instruments and their calibration procedures, 

most likely in a special issue of the journal Current 

Science. Lastly, Prof. S.V.S Murty has proposed 

to organise a conference around Dec. 2014, with 

improved participation, to present first results from 

MOM, as well to brainstorm on the Science Ob- 

jectves of MOM-2. 
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Workshop on 
Mars) Orbiter Mission = Data) Analysis & Science Plans 
20-21 Aug, 2014 
o 


m2 
jig EX 


N 
Physical Research, LaboratorygyAhmedabad[=}3801009) 


My journey in planetary science started after joining as a Post Doctoral Fellow in PLANEX, Physical Re- 
search Laboratory in June 2012. I feel proud and privileged to be a part of a group which serves as a one of 
the leading groups in planetary and space sciences. As a PDF, I was involved in analyzing Mars and Lunar 
data helping me to gain knowledge on various Martian and Lunar scientific aspects. One of the most interac- 
tive and knowledge gaining facet which I personally appreciate was a very regular and systematic routine 
of Friday and Monday seminar series. It always helped in getting an overall scientific update from vari- 
ous fields like remote sensing, geochemistry, cosmo-chemistry, payload development, meteorites and many 
more eventually helping in developing a more focused scientific approach. 


I am thankful to PLANEX for giving me an opportunity to attend various national symposiums, workshops 
and conferences. I am with due respect very happy and thankful to have been associated with Prof. S.V.S 
Murty who at each point not only truly guided me in becoming a good researcher through his critical com- 
ments but also helped me in becoming a more disciplined and confident person. I am thankful to Prof. 
S.V.S. Murty for giving me an opportunity to carry out independent research and providing all necessary 
facilities whenever needed. 


PLANEX is definitely a best platform for a person who wishes to pursue his/her career in planetary sciences 
and I wish PLANEX all the very best and success for all its future endeavors. 


Ami J Desai } 
Ahmedabad i 
E-mail: amiminaldesai@yahoo.co.in 
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» 15 PLANEX Workshop on “Mars and Moon: Remote Sensing and Analogue Studies” will be orga- 
nized during Jan. 4-10, 2015 at Physical Research Laboratory, Ahmedabad. The last date for submission 
of applications is Oct. 10, 2014. 

For more details, visit:- http://www.prLres.in/ 


» “2"4 Indian Venus Workshop” will be organized during Oct. 28-29, 2014 at National Geophysical Re- 
search Institute, Hyderabad. The last date for abstract submission is Oct. 15, 2014. 
For more details, visit:- http://www.ngri.org.in/ 


» “PLANCK 2014: The Microwave Sky in Temperature and Polarization” will be organized during Dec. 
1-4, 2014 at Palazzo Costabili, Ferrara, Italy. The last date for submission of abstract is Oct. 10, 2014. 
For more details, visit:-_http://www.cieffeerre.it/Eventi/eventi-in-programmazione-nel-2014/planck- 
2014-the-microwave-sky-in-temperature-and-polarization/PLANCK-2014 


» “The Gaia Research for European Astronomy Training-Initial Training Network (GREAT-ITN) Final 
Conference” will be organized during Dec. 1-5, 2014 at Barcelona, Spain. The last date for abstract sub- 
mission is Oct. 27, 2014. 


For more details, visit:- https://gaia.ub.edu/Twiki/bin/view/GREATITNFC/WebHome 


» “46” Lunar and Planetary Science Conference” will be held during Mar. 16-20, 2015 at Woodlands, 
Texas. The last date for abstract submission is Jan. 6, 2015. 


For more details, visit:- http://www.hou.usra.edu/meetings/Ipsc2015/ 


» “Conference on Spacecraft Reconnaissance of Asteroid and Comet Interiors 2015 (ASTRORECON)” 
will be organized during Jan. 8-10, 2015 at Tempe, Arizona. The last date for abstract submission is Nov. 
24, 2014. 


For more details, visit:- http://www.hou.usra.edu/meetings/astrorecon/ 


» “Workshop on Early Solar System Bombardment TIT’ will be held during Feb. 4-6, 2015 at Houston, 
Texas. The Last date for abstract submission is Nov. 18, 2014. 


For more details, visit:- http://www.hou.usra.edu/meetings/bombardment2015/ 


» “Workshop on Modern Analytical Methods Applied to Earth and Planetary Sciences” will be held on 
Nov. 1, 2014 at Liszt Ferenc Conference Center, Sopron, Hungary. Workshop is open for registration. 


For more details, visit:- http://www.hou.usra.edu/meetings/methods2014/ 


» “Workshop on Ground and Space observations: a joint venture to Planetary Science” will be organized 
during Mar. 2-5, 2015. The last date for abstract submission is Nov. 20, 2014. 


For more details, visit:- http://www.eso.org/sci/meetings/2015/Planets2015.html 


» “Workshop on Volatiles in the Martian Interior” will be held during Nov. 3-4, 2014 at Lunar and Plan- 
etary Institute, Houston, Texas. The last date for registration is Oct. 6, 2014. 


For more details, visit:- http://www.hou.usra.edu/meetings/volatiles2014/ 


» “2014 American Geophysical Union (AGU) Fall Meeting” will be held during Dec. 15-19, 2014 at San 
Francisco, California. The last date for registration is Nov. 14, 2014. 
For more details, visit:- http://fallmeeting.agu.org/2014/ 
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Planetary Sciences and Exploration Programme (PLANEX) 
Fifteenth Workshop on 
"Mars and Moon: Remote Sensing and Analogue Studies” 
Jan. 4-10, 2015, PRL, Ahmedabad 


The Indian Space Research Organisation (ISRO) has embarked on an exciting planetary exploration program 
through the successful launch of the first Indian mission to Moon, Chandrayaan-1, and a Mars Orbiter Mission 
successfully launched in Nov. 2013, which is cruising smoothly to enter the Mars orbit in Sept. 2014. A second 
mission to Moon, Chandrayaan-2, consisting of Orbiter, Lander and Rover will follow soon. Exploration of 
Asteroids and Comets will be a near future objective. For creating awareness amongst students and research 
scholars, particularly in the Universities and other Research Laboratories and Academic Institutions and to 
attract bright talented students to take up research work in the challenging area of Planetary Sciences and 
Exploration, the PLANEX programme of ISRO has been organizing workshops and training programmes 
periodically. The 15" Workshop in this series is planned to be held during Jan. 4-10, 2015 on the theme 
"Mars and Moon : Remote Sensing and Analogue Studies" at Physical Research Laboratory, Ahmedabad. 


As a part of the workshop, we plan to organize a one day field trip to a Mars analogue site in Gujarat. 


¢ The Workshop will consist of lectures by experts, group discussions, tutorials, team project work and 
presentations by participants. 


¢ Based on the performance at the Workshop, interested and highly motivated participants will be of- 
fered the opportunities for further intensive training in specialized fields in Planetary Sciences under the 
PLANEX programme. 


Final year M.Sc. students in Physics and Earth/Planetary/Space Sciences, final year B.E./B.Tech./M.Tech. 
students of Mechanical and Geoinformatics/Remote Sensing specializations, as well as Research Scholars 
working towards their Ph.D. degree may apply. Applications from Post-Doctoral Fellows and Teachers/ 
Lecturers (below 35 years) will also be considered. Selected participants (about 35) will be provided travel 
support (Sleeper class by train or Bus), accommodation and boarding for the duration of the workshop. 


Interested students/scholars may apply to the following address before Oct. 10, 2014, enclosing a brief 
bio-data, research interests (in ~200 words) and a reference letter from Department Head/Research 
Supervisor. Submission of applications and any further correspondence by e-mail is preferred. All cor- 
respondence from our side will be only through e-mail. Those who have attended earlier PLANEX 
workshops are not eligible. Only selected applicants will be intimated by e-mail, latest by Oct. 20, 2014. 


Contact Address: 


Dr. Anil D. Shukla Mr. Neeraj Srivastava 

Physical Research Laboratory, Physical Research Laboratory 
Navrangpura, Ahmedabad 380 009 Navrangpura, Ahmedabad 3800 
E-mail: anilds@prl.res.in E-mail: sneeraj@prl.res.in 
Contact:+91 - (0) 79 - 2631 4159 Contact:+91 - (0) 79 - 2631 4416/4524 
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The editors acknowledge the following reviewers for their valuable contribution in maintaining the 
quality and presentation of the contents published in Volume 4 of PLANEX Newsletter. 


¢ A. Gould, University of California, Berkeley, USA 


¢ A. J. Desai, Physical Research Laboratory, Ahmedabad 

°D.N. M. Rao, GVP College of Engineering for Women, Visakhapatnam 
¢ K. Durga Prasad, Physical Research Laboratory, Ahmedabad 
°K. K. Marhas, Physical Research Laboratory, Ahmedabad 
«K.P. Subramanian, Physical Research Laboratory, Ahmedabad 
¢ N. Bhandari, Physical Research Laboratory, Ahmedabad 

¢ N. Srivastava, Physical Research Laboratory, Ahmedabad 

¢ P. Appala Naidu, ///T Basar, Adilabad 

¢ P. Chauhan, Space Application Centre, Ahmedabad 

¢R. K. Sinha, Physical Research Laboratory, Ahmedabad 

¢ S. A. Haider, Physical Research Laboratory, Ahmedabad 

¢ Shiv Mohan, Physical Research Laboratory, Ahmedabad 

¢ S. Seetha, SRO Head Quarters, Bangalore 

¢ S. Vijayan, Physical Research Laboratory, Ahmedabad 

°S. V.S. Murty, Physical Research Laboratory, Ahmedabad 

¢ T. Chandrasekhar, Physical Research Laboratory, Ahmedabad 


eV. J. Rajesh, ST, Thiruvananthapuram 
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THE DEEPEST OCEAN OF SOLAR SYSTEM 


The search for extraterrestrial liquid water is a subject of wide interest among 
planetary scientists because water is believed to be a prerequisite for life. 
Earth was once thought to be an oasis in a dry solar system, as the old schools 
of thought emerged from early missions that to our neighbors (Moon, Mars, 
and Mercury) announced absence of water and built substantial theories 
supporting their ideas. However, recent explorations, with advanced sensors 
onboard (Galileo, Cassini, Juno etc.) and improved analytical techniques 
have held hands together to change this view of a dry solar system, revealing 
evidences for the presence of ample water from a vast array of extra-terrestrial 
objects like comets, planets, moons, and asteroids. 


On the similar line, Europa, (one of the Jupiter's moons) is unique 
in the solar system as it has a global ocean of water in contact with 
a smooth outer surface of cracked icy crust. Measurements made by Galileo view of Europa cracks and rifts 
NASA’s Galileo Jupiter-orbiter spacecraft suggest that the ocean is Credit:NASA/JPL 

~62 miles deep making it the deepest ocean in the solar system. In 

contrast, Pacific Ocean's Mariana Trench, which is the deepest location on Earth is only about ~6.8 miles deep. 


Europa’s interior is warmed by the tidal stresses exerted on it by Jupiter 
as well as by its own internal radioactivity that keeps water on Europa 
in a liquid state. Conduction of heat from warm core takes place by bulk 
convective motion of huge chunks of frozen ice carrying the heat away 


1,0 vapor plus ice partcles 


ete ear a with them as they move up through the icy layer and dump the heat into 
space, giving rise to tectonic activities on Europa. This is apparent from 

rw | HD toda eae the presence of a series of dark streaks criss-crossing the entire surface. 
he These marks are believed to have been formed by a series of volcanic 


eruptions or geysers where water from the interior flows through the 
cracks and refreezes. This gives strong evidence that the ocean below the 
ice is interacting with the surface through cracks where there is access to 

A possible mechanism for cryovolcanism oxidants, organic compounds, and light for photosynthesis. Thus, Europa 
becomes one of the prime candidates for the search of extraterrestrial life in our solar system, as scientists believe that 
life forms that get their nutrients from chemicals seeping up from the ocean floor through the process of chemosynthesis 
could certainly evolve on Europa. The physical setting provides a variety of potentially habitable and evolving niches. 
The mixing of substances needed to support life is driven by huge tides that are driven by Jupiter’s pull. Also, observa- 
tions with the Hubble Space Telescope indicate the presence of a thin atmosphere of oxygen in Europa which is believed 
to have been formed by sunlight and charged particles interacting with water particles on the surface. With abundant 
liquid water together with energy and chemistry provided by tidal heating, Europa could be the best place in the solar 
system to look for present day life beyond Earth. NASA and ESA are working hard on a joint mission that may launch in 
2020, to examine Jupiter, Europa, and another moon named Ganymede. A major objective is to determine the thickness 
of Europa's ice crust, which has implications for Europa's potential to sustain life. 


Tidal Heating Hot Rock Tidal Heating 


Image source : http://en. wikipedia.org, NASA/JPL, http://www.dailygalaxy.com/ 
Text Source : http://www.dailygalaxy.com/; http://discovermagazine.com/; https://solarsystem.nasa.gov/ 
http://en.wikipedia.org/wiki/Extraterrestrial_liquid_water 
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